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Dear Ms. Eberlien, 

On behalf of the John Muir Project of Earth Island Institute, lead objector, we are objecting to
the SERAL project EIS and draft decision, Stanislaus National Forest, for the reasons
described in detail in the comments from Center for Biological Diversity and JMP on Jan. 22,
2022, including but not limited to failure to meaningfully analyze dissenting scientific opinion
or cumulative effects, failure to take a hard look, failure to meaningfully analyze cumulative
effects, and failure to ensure scientific accuracy and integrity with regard to adverse impacts
of planned logging on native wildlife species, such as the California spotted owl
(incorporating by reference pp. 1-5 of our 1/22/22 DEIS comments), black-backed
woodpecker and other snag forest habitat dependent species (incorporating by reference pp. 7-
11 of our DEIS comments), and future fire intensity (incorporating by reference p. 5 of our
DEIS comments, and see additional attachments). Further, the EIS violates NEPA's hard look
and incomprehensibility provisions by failing to identify or divulge the location or timing of
vast commercial thinning of old-growth forest (incorporating by reference pp. 5-7 of our DEIS
comments) and vast salvage logging of snag forest habitat (incorporating by reference pp. 7-11
of our DEIS comments). As a remedy we request that the project be withdrawn or, in the
alternative, that commercial thinning, salvage logging, and other commercial logging units be
dropped and project focus be redirected toward educating nearby homeowners on home
hardening and defensible space to protect them from wildfires, and to provide assistance to
nearby homeowners in need for defensible space pruning within at most 200 feet from
properties. I look forward to discussing this matter with your during the objection resolution
process. 

Sincerely, 

Chad Hanson, Ph.D., Ecologist
John Muir Project
PO Box 897
Big Bear City, CA  92314
530-273-9290
cthanson1@gmail.com
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Cumulative Severity of Thinned and Unthinned Forests in a


Large California Wildfire


Chad T. Hanson


Earth Island Institute, 2150 Allston Way, Suite 460, Berkeley, CA 94704, USA; cthanson1@gmail.com


Abstract: Studies pertaining to fire severity in commercially thinned versus unthinned forests are
based on a comparison of tree mortality between the two categories. Commercial thinning is widely
conducted on public and private forestlands as a fire management approach designed to reduce
fire severity and associated tree mortality. However, tree mortality from thinning itself, prior to the
occurrence of the wildfire, is generally not taken into account, which leaves a potentially important
source of tree loss, with its associated forest carbon loss and carbon emissions, unreported. This study
investigated the “cumulative severity” of commercially thinned and unthinned forests in a large
2021 wildfire, the Antelope fire, occurring within mixed-conifer forests on public lands in northern
California, USA. Using published data regarding the percent basal area mortality for each commercial
thinning unit that burned in the Antelope fire, combined with percent basal area mortality due to the
fire itself from post-fire satellite imagery, it was found that commercial thinning was associated with
significantly higher overall tree mortality levels (cumulative severity). More research is needed, in
other large forest fires, to determine whether the finding, that commercial thinning killed more trees
than it prevented from being killed, is common elsewhere.


Keywords: fire severity; wildfire; mixed conifer; forests; commercial thinning


1. Introduction


Research regarding commercial thinning and fire severity in conifer forests of the
western USA is highly variable. Some studies have reported somewhat lower overall
severity in commercially thinned forests [1,2], and others have reported mostly higher fire
severity with commercial thinning [3,4]. If forest basal area removed by thinning, prior
to fire, was nominal, such research could simply be compared and debated based on the
methods and results. However, unlike noncommercial thinning that generally removes
only seedlings up to trees slightly larger than saplings, commercial thinning often removes
substantial portions of live-tree basal area prior to occurrence of wildfires, including many
mature and old conifers [5], and this tree mortality from thinning is rarely accounted for in
current research.


As fire severity in forests is fundamentally a metric pertaining to the level of tree
mortality [6,7], there is reason to understand cumulative tree mortality, and “cumulative
severity”, from thinning and wildfire, in order to determine whether the result of thinning
is more, or fewer, live trees in the landscape. This is particularly true in light of plans to
substantially increase the pace and scale of commercial thinning of western U.S. forests as a
fire management and forest resilience strategy. For example, recently, the U.S. Agriculture
Department announced a $50 billion plan to commercially thin approximately 50 million
acres of forest over the following decade, mostly on public lands, as a wildfire strategy
predicated upon the notion that this will reduce tree mortality in forests and increase
resilience in the face of climate change [8].


Yet commercial thinning and other logging practices play a large role in removing
live trees and thus reducing forest carbon storage, which influences climate change [9,10].
Moreover, there are many native wildlife species that depend upon dense, mature, and
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old conifer forests, both before and after mixed-severity wildfires. Commercial thinning
can adversely affect such species by degrading dense older forests that many imperiled
species need for nesting or denning, while also reducing the quality of “complex early seral
forest” habitat [11] by removing so many trees from forests that they may be deficient for
many snag-dependent species when such areas later experience high-severity fire [12,13].
Therefore, there is an important need to understand the degree to which commercial
thinning itself affects overall tree mortality in forests. If, for example, a given stand that
was commercially thinned experienced 10% lower basal area mortality in a fire compared
to an adjacent unthinned stand, but the thinning operation resulted in 30% basal area
mortality before the fire occurred, observers focusing solely on fire severity would miss
the overall cumulative impact on live trees and imperiled wildlife species that depend on
denser stands of live trees. Cumulative severity, which captures the combined basal area
mortality from thinning and wildfire, presents a more complete picture of the effects.


However, in many cases it may be difficult to determine tree mortality from thinning,
for example, in cases where recorded estimates may not exist. Therefore, addressing this
question depends upon wildfire occurring in a previously-thinned area for which specific
data regarding tree mortality from thinning are publicly available.


This study investigated whether cumulative fire severity, based on percent basal area
mortality from commercial thinning plus percent basal area mortality from subsequent
wildfire, would be different in thinned versus unthinned forests, using fire severity data
from the 2021 Antelope fire in northern California in combination with pre-fire published
data on tree mortality from commercial thinning in the same area, as described in the
methods and results and contextualized in the discussion below.


2. Materials and Methods


I analyzed 15 commercial thinning units and adjacent unthinned forests in a portion
of the Goosenest Adaptive Management Area in the Klamath National Forest in northern
California (Figure 1). The study area is comprised of mixed conifer forest, dominated by
white fir (Abies concolor), ponderosa pine (Pinus ponderosa), sugar pine (Pinus lambertiana),
and incense cedar (Calocedrus decurrens), with smaller amounts of red fir (Abies magnifica)
and lodgepole pine (Pinus contorta) in some areas [14,15]. Elevation in the study area ranges
from 1460 m to 1515 m.


The study area was heavily logged (mostly selective logging focusing on pine removal)
in the 1920s and 1930s. Commercial thinning in the 15 units occurred 1998–2000, with
prescribed fire occurring in 5 of the 15 units in 2001 (no post-thin burning occurred in
the other 10 units). Each thinning unit was 40.49 ha in size. At the time of thinning,
5 control (no thinning) units of the same size were also established (Figure 1). Forests
outside of the 20 units had a mix of thinning and other logging activities in some areas and
no contemporary-era thinning or other logging (i.e., no logging since the 1920s and 1930s)
in other areas. The locations and shapes of each unit are from Ritchie (2005, 2020) [14,15].


In August of 2021, the 58,935-ha Antelope lightning fire burned through the Goosenest
Adaptive Management Area, including the 20 units in the study area. For each of the
15 commercial thinning units, I analyzed “cumulative severity” at pairs of locations 150 m
inside and 150 m outside of the thinning units at the midpoint of each side of the units
(Figure 1). I defined cumulative severity as percent basal area mortality from thinning
(if any) for a particular location, plus percent basal area mortality of the remaining (after
thinning) live tree basal area due to the Antelope fire. For example, if basal area mortal-
ity from commercial thinning was 20%, and basal area mortality of the remaining 80%
of live tree basal area was 50%, then cumulative severity for such a location would be
20% + 40% = 60%. Thus, cumulative severity presents a more comprehensive assessment of
live tree mortality. Percent basal area removal (mortality) from commercial thinning at any
location was determined based on the values for each unit reported in Ritchie (2005) [14],
which ranged from 7% to 52% (mean = 32%), depending on the unit. For the Antelope fire,
I used the Rapid Assessment of Vegetation Condition after Wildfire (RAVG) satellite im-
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agery data (https://fsapps.nwcg.gov/ravg/, accessed on 20 January 2022), which provides
continuous data for percent basal area mortality from fire (i.e., specific numerical percent
basal area mortality estimates for each pixel) at a 30 m resolution.


Landȱ2022,ȱ11,ȱxȱFORȱPEERȱREVIEWȱ 3ȱ ofȱ 7ȱ
ȱ


mentȱofȱliveȱtreeȱmortality.ȱPercentȱbasalȱareaȱremovalȱ(mortality)ȱfromȱcommercialȱthinȬ
ningȱatȱanyȱlocationȱwasȱdeterminedȱbasedȱonȱtheȱvaluesȱforȱeachȱunitȱreportedȱinȱRitchieȱ
(2005)ȱ[14],ȱwhichȱrangedȱfromȱ7%ȱtoȱ52%ȱ(meanȱ=ȱ32%),ȱdependingȱonȱtheȱunit.ȱForȱtheȱ
Antelopeȱ fire,ȱ Iȱ usedȱ theȱ Rapidȱ Assessmentȱ ofȱ Vegetationȱ Conditionȱ afterȱWildfireȱ
(RAVG)ȱ satelliteȱ imageryȱdataȱ (https://fsapps.nwcg.gov/ravg/,ȱ accessedȱ onȱ 20ȱ Januaryȱ
2022),ȱwhichȱprovidesȱcontinuousȱdataȱforȱpercentȱbasalȱareaȱmortalityȱfromȱfireȱ(i.e.,ȱspeȬ
cificȱnumericalȱpercentȱbasalȱareaȱmortalityȱestimatesȱforȱeachȱpixel)ȱatȱaȱ30ȱmȱresolution.ȱ ȱ


ȱ
Figureȱ1.ȱTheȱGoosenestȱstudyȱareaȱlocatedȱwithinȱtheȱAntelopeȱfireȱofȱ2021,ȱwithȱplotsȱandȱpairedȱ
locationsȱshown.ȱTheȱlocationȱofȱtheȱstudyȱareaȱwithinȱtheȱlargerȱlandscape,ȱandȱatȱtheȱlocalȱscale,ȱisȱ
shownȱinȱFigureȱ1ȱandȱFigureȱA1,ȱrespectively,ȱofȱ[14].ȱUnitȱnumbersȱareȱshownȱinȱtheȱcenterȱofȱeachȱ
unit,ȱandȱpairedȱpointȱ locationsȱareȱshownȱ150ȱmȱ insideȱandȱ150ȱmȱoutsideȱofȱ theȱ thinningȱunitȱ
boundaries.ȱ


ȱ ȱ


Figure 1. The Goosenest study area located within the Antelope fire of 2021, with plots and paired
locations shown. The location of the study area within the larger landscape, and at the local scale,
is shown in Figure 1 and Figure A1, respectively, of [14]. Unit numbers are shown in the center of
each unit, and paired point locations are shown 150 m inside and 150 m outside of the thinning
unit boundaries.


If any location (pixel) 150 m outside of thinning units burned on a different day from
the corresponding paired location 150 m inside the thinning unit, I excluded these pairs.
I also excluded pairs if the “outside” location had any evidence of pre-fire logging in
the contemporary era. For this determination, I used satellite imagery from the National
Agricultural Imagery Program (https://www.fsa.usda.gov/programs-and-services/aerial-
photography/imagery-programs/naip-imagery/, accessed on 20 January 2022). The im-







Land 2022, 11, 373 4 of 7


agery was of sufficient quality to clearly see canopy cover reduction from tree removal due
to logging, along with skid trails, logging roads, and landings.


I used a Chi-square test for differences in proportion [16] to evaluate whether it
would be warranted to analyze plots with commercial thinning and no prescribed fire
(“thin/no-burn”) separately from plots with commercial thinning and prescribed fire
(“thin/burn”). There was no significant difference between these two categories in terms
of the proportion of plots with cumulative severity that was lower than unthinned forests
(�2 = 0.094, df = 1, p = 0.759). Therefore, I combined the two thinning categories into one
category for statistical analysis purposes. This was warranted given that the Antelope fire
did not burn differently in the commercial thin/no-burn units than it did in the commercial
thin/burn units. I assessed whether there was a difference in cumulative severity between
commercial thinning and no thinning using a Chi-square goodness of fit test [17].


3. Results


Commercial thinning locations had cumulative severity levels that were higher than
adjacent unthinned locations significantly more often than the opposite effect (�2 = 6.26,
df = 1, p = 0.012). Overall, commercial thinning had higher cumulative tree mortality
than corresponding unthinned areas in 20 out of 27 pairs of locations (Table 1). The
mean cumulative percent basal area mortality in commercial thinning locations was 56.1%,
compared to 38.6% in corresponding unthinned forests (Table 1).


Table 1. Paired thinned/unthinned locations and whether cumulative severity was lower or higher
in commercially thinned forests in the Goosenest study area within the Antelope fire of 2021.


Location


Identifier


Thinning or No


Thinning


Percent Basal Area


Mortality from


Thinning


Cumulative Percent


Basal Area Mortality


Thinned Location Lower


Cumulative Percent Basal


Area Mortality?


1-4-in Thin (no burn) 21 22 Y


1-4-out No Thin 0 100


2-1-in Thin (no burn) 51 62 Y


2-1-out No Thin 0 100


2-2-in Thin (no burn) 51 53 Y


2-2-out No Thin 0 100


3-3-in Thin (burn) 39 94 N


3-3-out No Thin 0 89


5-4-in Thin (no burn) 28 96 N


5-4-out No Thin 0 73


6-1-in Thin (burn) 7 9 Y


6-1-out No Thin 0 74


7-1-in Thin (no burn) 9 39 N


7-1-out No Thin 0 3


7-2-in Thin (no burn) 9 86 N


7-2-out No Thin 0 35


8-1-in Thin (no burn) 52 74 Y


8-1-out No Thin 0 100


9-2-in Thin (no burn) 38 44 N


9-2-out No Thin 0 0
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Table 1. Cont.


Location


Identifier


Thinning or No


Thinning


Percent Basal Area


Mortality from


Thinning


Cumulative Percent


Basal Area Mortality


Thinned Location Lower


Cumulative Percent Basal


Area Mortality?


9-3-in Thin (no burn) 38 96 N


9-3-out No Thin 0 0


11-1-in Thin (no burn) 29 45 N


11-1-out No Thin 0 0


11-2-in Thin (no burn) 29 55 N


11-2-out No Thin 0 49


12-1-in Thin (no burn) 22 100 N


12-1-out No Thin 0 17


12-2-in Thin (no burn) 22 74 N


12-2-out No Thin 0 52


12-3-in Thin (no burn) 22 31 Y


12-3-out No Thin 0 100


13-1-in Thin (burn) 44 44 Y


13-1-out No Thin 0 100


13-2-in Thin (burn) 44 44 N


13-2-out No Thin 0 0


13-3-in Thin (burn) 44 44 N


13-3-out No Thin 0 0


13-4-in Thin (burn) 44 44 N


13-4-out No Thin 0 0


14-1-in Thin (no burn) 23 24 N


14-1-out No Thin 0 8


14-3-in Thin (no burn) 23 36 N


14-3-out No Thin 0 0


15-2-in Thin (burn) 17 17 N


15-2-out No Thin 0 0


17-1-in Thin (burn) 41 41 N


17-1-out No Thin 0 0


17-3-in Thin (burn) 41 41 N


17-3-out No Thin 0 0


19-1-in Thin (no burn) 43 100 N


19-1-out No Thin 0 30


19-3-in Thin (no burn) 0 100 N


19-3-out No Thin 0 11


4. Discussion


Commercial thinning resulted in overall higher levels of tree mortality, as compared to
unthinned forests, when tree mortality from both thinning and the Antelope fire were com-
bined. Accounting for the tree mortality from commercial thinning, prior to the occurrence
of the 2021 Antelope fire, provided a more contextualized and complete assessment of the
cumulative effects of this type of forest management on tree mortality. If percent basal area
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mortality from thinning had not been considered, and only tree mortality from the Antelope
fire had been used, it could have created misleading results, given that fire-only mean
basal area mortality was 34.7% in commercial thinning locations and 38.6% in unthinned
locations. Without accounting for tree mortality from thinning, one might erroneously
conclude from the fire-only data that thinning was slightly effective in maintaining live-tree
cover and basal area in the Goosenest Adaptive Management Area.


There are substantial impacts to imperiled and endangered wildlife species that de-
pend in part on dense mature/old forests, such as the California spotted owl (Strix occi-


dentalis occidentalis), Pacific marten (Martes caurina), and Pacific fisher (Pekania pennanti),
resulting from commercial thinning [18–20]. If commercial thinning, conducted as a fire
management strategy, kills more trees than it prevents from being killed by wildfires, such
impacts would be hard to justify from a biodiversity conservation standpoint.


Similarly, if thinning kills more trees than it prevents from being killed in wildfires,
the climate change implications of this would need to be considered. For example, even
when the assumption is made that commercial thinning will effectively reduce fire severity,
one analysis, using field-based data, indicated that it results in three times the greenhouse
gas emissions per hectare than wildfire alone [21].


More research is needed, in additional large fire areas, to determine how broadly the
findings in the Antelope fire may apply to other areas in terms of cumulative severity.


Funding: This research was funded by the Environment Now foundation (grant #2021).


Data Availability Statement: All data are either presented here or are available at the links in the
Methods (for GIS data). Additional details on the commercial thinning units can be found in Ritchie
(2005, 2020) [14,15].
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fire & fuels management


Using Modeled Surface and Crown Fire Behavior
Characteristics to Evaluate Fuel Treatment
Effectiveness: A Caution
Miguel G. Cruz, Martin E. Alexander, and Jelmer E. Dam


The relative variation in predicted fireline intensity and the wind speed thresholds for the onset of crowning and active crown fire spread in a lodgepole pine (Pinus
contorta Dougl. ex Loud.) stand subjected to a commercial thinning operation were examined. This involved seven distinct scenarios, each with different assumptions
regarding fine dead fuel moisture contents and fire behavior models. This case study illustrates that widely varying results can be expected, depending on how the
environmental inputs are handled and which fire behavior characteristic is analyzed.


Keywords: active crown fire spread, fire behavior model, fireline intensity, lodgepole pine, onset of crowning


Fire behavior modeling systems are commonly used to judge
the impacts or effectiveness of silvicultural fuel treatments in
modifying potential fire behavior in both fire management


and fire research (Johnson and Peterson 2005). The ability to math-
ematically model potential wildland fire behavior with respect to
fuel treatments or other fire management applications was not pos-
sible until the mid to late 1970s (Anderson 1974, Brown 1974a,
Roussopoulos and Johnson 1975, Roussopoulos 1978). Earlier as-
sessments relied entirely on fuel quantification coupled with the
judgment of the user (e.g., Brown 1965, Crosby and Loomis 1967,
Sando and Wick 1972, Miller and Schwandt 1979).


At present, the ability to quantitatively assess both surface and
crown fire potential exists. The fire behavior simulation software
tools (McHugh 2006, Andrews 2007) available to fire and land
managers allow them to calculate a number of fire behavior charac-
teristics that are relevant to gauging the effect of fuel modification
on the “flammability” (wildland fire potential) of a particular fuel
complex. Fireline intensity (the energy release rate per linear seg-
ment of fire front) (Byram 1959) is, for example, related to the flame
dimensions of an advancing fire front and hence the difficulty of
controlling a wildfire, maximum spotting distances, and the onset of


torching and crowning and to the height of lethal crown scorch
(Alexander 2000, Alexander and Cruz 2012).


Given the changes in fire behavior that occur with the onset of
crowning, namely the abrupt increase in the rate of fire spread
and fireline intensity, another metric favored by managers and re-
searchers is the threshold wind speed (e.g., Duveneck and Patterson
2007) that cause a surface fire to transition to an active crown fire
(Van Wagner 1977). In this approach to assessing crown fire poten-
tial, all environmental conditions but wind speed are held constant,
and fuel moisture contents are selected on the basis of a certain
percentile associated with the local fire weather station climatology.
For a given stand structure, the model is then used to find the wind
speed value for the corresponding crown fire behavior transition
point.


Cruz et al. (2003b) showed through a sensitivity analysis how
some modeling systems used for simulating fire behavior respond
differently to the same inputs. That study highlighted the restric-
tions of current fire behavior modeling systems and the dangers of
misinterpretations that can arise during simulations if the user does
not have a clear understanding of two factors: the relationships
embodied in the models and the sensitivity of predictions to changes
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in model inputs—the proverbial “black box.” Proper consideration
of the simplifying assumptions associated with the underlying mod-
els that comprise a given modeling system and their adequacy to a
particular situation must be accounted for to produce realistic
simulations and make the outputs relevant in supporting manage-
ment decisions.


The present study, however, serves to illustrate how different fire
behavior models and the manner in which the inputs, e.g., fuel
moisture content, are handled can produce widely varying results
when used to evaluate the effectiveness of fuel treatments. Several
different environmental inputs (fire behavior modeling system sce-
narios, involving three different aspects of fire behavior), namely,
fireline intensity, the onset of crowning, and active crown fire
spread, involving a lodgepole pine (Pinus contorta Dougl. ex Loud.)
stand are examined. A general familiarity with the concepts involved
with fire behavior models and modeling systems (Table 1) used in
the case study methodology on the part of the reader is presumed.
For further information, refer to Cruz and Alexander (2010) and
Alexander and Cruz (2011).


Methods
Fuel and Stand Characteristics


The case study presented here is based on data collected by Dam
(1999) in a 36-ha lodgepole pine stand in central Alberta, Canada.
The treated portion of the stand consisted of a commercial thinning
from below as part of a larger silvicultural study (Krygier 1998), as
opposed to a fuel management objective, undertaken by Millar
Western Forest Products Limited based in Whitecourt, Alberta,
Canada. The commercial thinning would have been undertaken to
extract wood fiber and also to improve the growth of the subsequent
stand. Stand and fuel characteristics for the untreated (control) and
treated areas are presented in Table 2.


Weather Conditions
The analysis of potential fire behavior in treated and untreated


portions of the stand relies on estimated base fine dead fuel moisture
content, taking into account the 97th percentile of weather condi-
tions as sampled on site by Dam (1999) during the three summers of
1997–1999. The 97th percentiles of air temperature and relative
humidity were 29.0° C and 24%, respectively. The Rothermel et al.


(1986) fine fuel moisture content model was used to estimate the
moisture content of the needle litter and the dead, small diameter
twigs. Dam (1999) found significant differences in dead fuel mois-
ture content sampled in the control and treated stands. Needle litter
on the treated stand had on average a moisture content 2.6 percent-
age points lower than that found on the control stand (Table 3).
Dam (1999) did not find significant changes in the in-stand wind
speed between the treated and untreated blocks during the summer
months.


Fire Behavior Metrics
Three distinct metrics were used to quantify fire behavior poten-


tial. These were the following: the fireline intensity associated with a
spreading surface fire as predicted by the Rothermel (1972) model;
the wind speed required for crown fire initiation using the Cruz et al.
(2004) model; and the wind speed required to sustain fully devel-
oped crowning using the Cruz et al. (2005) active crown fire rate of


Table 1. Brief summary of the fire behavior models used in the present study.


Model Primary model outputs Model description Model inputs


Rothermel (1972) Surface fire rate of spread and
fireline intensity


A semiempirical surface fire spread model developed primarily
from laboratory experiments in homogeneous dead fuels
and extended to apply to mixtures of dead and live fuels;
model is the basis of operational fire danger rating and fire
behavior prediction systems in the United States


Fuel model (Anderson 1982, Burgan
and Rothermel 1984)


Fuel moisture by fuel size class and
condition (i.e., live and dead)


Midflame wind speed (Andrews 2012)
Cruz et al. (2004) Likelihood of crown fire occurrence Empirically based logistic model that predicts the probability


(0–100%) of crown fire occurrence; model was developed
from data set of experimental surface (n � 34) and crown
fires (n � 37) in conifer forests from Canada, Australia,
and Europe


Fine dead fuel moisture
10-m open wind speed
Canopy base height
Surface fuel consumption


Cruz et al. (2005) Active crown fire rate of spread Empirically based fire spread model for active crown fires in
conifer forests developed from experimental crown fire data
set (n � 24) covering a wide range of Canadian coniferous
fuel complexes


Fine dead fuel moisture
10-m open wind speed
Canopy bulk density


Van Wagner (1977) Critical minimum spread rate for
active crowning


Semiempirical model describing the threshold for active crown
fire propagation; model based on heat balance formulation
parameterized with data from experimental crown fire
observations (n � 3)a


Canopy bulk density


aThe robustness of the model has been confirmed by Cruz and Alexander (2010).


Table 2. Stand and fuel complex description for treated and
untreated portions of a lodgepole pine stand in central Alberta,
Canada.


Item Treated Untreated


Stand descriptors
Tree density (live stems/ha) 1,550 4,050
Tree height (m) 14.9 14.2
Basal area (m2/ha) 25.5 56.5
Canopy length (m) 5.3 5.9


Surface fuel stratuma


1-h TL fuel load (t/ha) 0.8 0.3
10-h TL fuel load (t/ha) 1.1 0.5
100-h TL fuel load (t/ha) 4.9 3.8
1,000-h TL fuel load (t/ha) 12.2 13.7
Litter fuel load (t/ha) 4.0 4.0
Fuel depth (cm) 13.6 8.0


Canopy fuel stratum
Canopy base height (m) 9.9 9.2
Fuel strata gap (m)b 3.6 2.8
Canopy bulk density (kg/m3) 0.18 0.35
Canopy cover (%) 62 100


Adapted from Dam (1999).
aThe dead-down woody fuel time lags (TLs) correspond to roundwood diameters
of (from Brown 1974b): �0.64 cm (1-h TL), 0.64–2.5 cm (10-h TL), 2.5–7.6 cm
(100 h TL), and �7.6 cm (1000-h TL).
bAs per Cruz et al. (2004).
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spread model, coupled with Van Wagner’s (1977) concept of a
critical minimum spread rate for active crown fire (Ro, m/min)


Ro � 3.0 � CBD (1)


where CBD is the canopy bulk density (kg/m3), which in turn
represents the available canopy fuel load (kg/m2) divided by the
depth of the canopy fuel layer, i.e., the average stand height less the
canopy base height (CBH, m) (Cruz et al. 2003a). Active crowning
is expected to occur when the rate of fire spread after the onset of
crowning is greater than or equal to Ro.


Seven distinct environmental input-fire behavior model scenar-
ios were considered. The fine dead fuel moistures associated with the
seven scenarios and the metric used in the assessment of potential
fire behavior are summarized in Table 3.


The changes in fire behavior potential for the various scenarios
were assessed by calculating the percent change in the fire behavior
metric relative to the control situation. A positive percent variation
indicates that the thinning resulted in an increase in fire behavior
potential relative to the control or no-thinning situation. Con-
versely, a negative percent variation indicates that the treatment
reduced the potential fire behavior by the indicated percentage.


Results and Discussion
The thinning from below treatment removed 62% of the trees in


the stand and reduced its basal area to approximately half of the
original value (Table 2). From a fire behavior assessment standpoint,
the main impact of the thinning in the surface fuel layer was to triple
the load of fine woody fuels (1-hour time lag) and increase fuel bed
depth by 70%. The thinning led to a small increase in the CBH
(from 9.2 to 9.9 m) and the fuel strata gap (from 2.8 to 3.6 m) as


described by Cruz et al. (2004). The CBD was approximately
halved, from a relatively high value of 0.35 to 0.18 kg/m3 (Table 2).
Although the thinning did not have the specific aim as a fuel treat-
ment of reducing crown fire potential, the reduction achieved in
CBD and increase in CBH would probably lessen the chance of
active crowning (Agee and Skinner 2005).


As expected from physical reasoning, the untreated residues from
the silvicultural treatment increased the surface fire intensity poten-
tial (Alexander and Yancik 1977, Brown and Johnston 1987), but
the relative change between the control and treatment depends
on the degree of realism that is applied to the scenario (Figure 1). For
the scenarios using fireline intensity as the evaluation metric, the
simulation with equal fuel moistures results in a 90% increase in fire
potential. For scenario 3, use of the average difference in fuel mois-
ture between the control and treated stand resulted in a 160% in-
crease in fireline intensity. These results for scenarios 1 to 3 are
independent of wind speed (i.e., the relative changes in fire behavior
are maintained across the common range of wind speeds).


The changes in crown fire initiation potential as quantified by the
wind speed required for crown fire occurrence are not so readily
obvious (i.e., scenarios 4 and 5), in part because the treatment did
not result in large changes in the CBH or fuel strata gap. Whereas
scenario 4 indicates a reduction in the likelihood of crown fire oc-
currence by 22%, the most realistic situation (i.e., scenario 5) points
to a modest increase in crowning potential for the treated plot (8%
decrease in the wind threshold) that results from the heavier surface
fuel load and lower fuel moisture in the treated stand. For the
simulations considering crown fire propagation, the reduction in
CBD due to the thinning treatment resulted in increases of 154%
(scenario 6) and 51% (scenario 7) in the wind speed threshold for


Table 3. Summary of fine dead fuel moisture and fire behavior metric assigned to each environmental input-fire behavior model
scenario.


Scenario no. Environmental-fire behavior model scenario description


Fine dead fuel
moisture (%)


Metric used to quantify fire behaviorTreated Control


1 Application of the Rothermel (1972) surface fire spread model
with custom fuel models (Burgan and Rothermel 1984)
considering changes in fuelbed structure induced by the
commercial thinning (Dam 1999) and assuming identical
fine dead fuel moisture and in-stand wind speed in both the
untreated and treated areas


4.0 4.0 Fireline intensity


2 Same as scenario 1 but modeling changes in fine dead fuel
moisture by application of the Rothermel et al. (1986) fine
dead fuel moisture model (i.e., the moisture content of the
fine dead fuels in the treated portion of the stand was
predicted to be 0.5% lower than in the control portion)


3.5 4.0 Fireline intensity


3 Same as scenario 1, but considering the differences in fine
dead fuel moisture as sampled by Dam (1999) at the study
sites (i.e., fine dead fuel moistures in the surface fuel
stratum of the treated portion of the stand were consistently
lower, averaging 2.6% for the needle litter and 2.0% for the
dead, small diameter twigs)


4.0 6.5 Fireline intensity


4 Wind speed threshold for crowning based on the Cruz et al.
(2004) crown fire occurrence model and considering the
same fine dead fuel moisture level as for scenario 1


4.0 4.0 Wind speed for onset of crowning


5 Same as scenario 4 but with the same fine dead fuel moisture
as in scenario 3


4.0 6.5 Wind speed for onset of crowning


6 Wind speed threshold for active crowning as described by
Scott and Reinhardt (2001) but using the Cruz et al.
(2005) model considering the same fine dead fuel moisture
levels as for scenario 1


4.0 4.0 Wind speed for active crown fire spread


7 Scenario 6 but with fine dead fuel moisture as in scenario 3 4.0 6.5 Wind speed for active crown fire spread
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active crown fire spread relative to that for the untreated situation,
hence a sharp reduction in the potential for active crown fire
propagation.


In our study, although the commercial thinning led to a decrease
in the likelihood of active crown fire propagation, it also caused a
substantial increase in the surface fireline intensity. These outcomes
highlight the fact that fuel management was not a direct objective of
the thinning treatment. To mitigate the potential in surface fire
intensity after thinning treatments, presumably some form of sur-
face fuel modification to reduce the amount of fuel available for
combustion is needed (Agee and Skinner 2005) or an alternative is
to take the risk that the fuel hazard will eventually abate itself in due
course as a result of decomposition and settling (Carlton and Pick-
ford 1982, Christiansen and Pickford 1991). A target fuel treatment
prescription would probably increase the CBH and decrease the
CBD (Agee and Skinner 2005). This result could be accomplished
by removing more trees. The two models for crown fire activity used
in this modeling exercise could be used to investigate target stand
structures that would meet silvicultural and fuel management
prescriptions.


There are two implications emerging from the distinct outcomes
shown in Figure 1. The first concerns the decision as to which fire
behavior characteristic should be used in evaluating the effects of
fuel treatments. This has a strong bearing on calculated fire behavior
potential and therefore warrants serious consideration on the part of
the analyst. The second involves a decision as to how best to specify
the burning conditions associated with a modeling scenario.


Our assessment of fire behavior potential considered the 97th
percentile fire weather and fire danger conditions to define a “worst
case” situation. One of the drawbacks of this approach is that the
simulations capture a sole point in the fire behavior potential spec-
trum. A fire manager might be more interested in assessing fire
potential under more common and not so severe conditions, e.g.,
conditions in which an initial attack is more likely to be successful
(Plucinski 2012) or in which fuel treatments have a higher likeli-
hood of being effective. From a mathematical modeling standpoint,
to assess the fire potential of a stand over the full spectrum of fire


behavior, the analysis should consider the cumulative distribution of
days susceptible to a certain level of fire behavior in lieu of adopting
a worst case situation approach (e.g., 97th or 99th percentile fire
weather conditions).


Conclusions
As Cruz and Alexander (2010) have pointed out, the fuels man-


agement literature abounds with examples of so-called evaluations
of fuel treatment effectiveness based on simulations performed using
fire modeling systems and assumptions that may not be valid or are
otherwise incomplete for various reasons as identified by Keyes and
Varner (2006) and Varner and Keyes (2009). In this particular fire
behavior modeling case study, the predicted fireline intensity, onset
of crowning, and active crown fire spread were shown to vary widely
depending on the assumptions used to estimate fuel dryness. Small
changes in the estimated fine dead fuel moisture content (i.e.,
�2.5%) can produce widely varying results. This variation is espe-
cially relevant when models are used to evaluate the effects of silvi-
cultural fuel treatments due to the effect of the changes in stand
structure on the micrometeorological environment.


Evaluating the effectiveness of fuel treatments, however, encom-
passes more than such mathematical modeling. Personal experience
and case history knowledge of experimental fires, operational pre-
scribed fires, and/or wildfires also play a role (Alexander 2007a).
Furthermore, a strong sense of social responsibility (Alexander
2007b) and sound professional judgment (Alexander 2009) are con-
sidered desirable.
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Simple Summary: The California Spotted Owl is an imperiled species that selects mature conifer
forests for nesting and roosting while actively foraging in the “snag forest habitat” created when fire
or drought kills most of the trees in patches. Federal agencies believe there are excess surface fuels in
both of these habitat conditions in many of California’s forests due to fuel accumulation from decades
of fire suppression and recent drought-related tree mortality. Accordingly, land management agencies
are conducting widespread “fuel reduction” logging in Spotted Owl territories under the expectation
that this will reduce high-severity fire occurrence and, therefore, promote nesting/roosting habitat.
Such logging has been found to adversely affect Spotted Owl occupancy. Therefore, it is important
for the conservation of this species to understand whether fuel-reduction logging is effectively
accomplishing its stated fire management objective. In an initial investigation, I analyzed this issue in
a large 2020 fire, the Creek Fire (153,738 ha), in the southern Sierra Nevada mountains of California. I
found that pre-fire snag density was not correlated with burn severity, but fuel-reduction logging was
associated with higher fire severity. My results suggest the fuel reduction approach is not justified
and provide indirect evidence that such management represents a threat to Spotted Owls.


Abstract: The California Spotted Owl is an imperiled species that selects mature conifer forests for
nesting and roosting while actively foraging in the “snag forest habitat” created when fire or drought
kills most of the trees in patches. Federal agencies believe there are excess surface fuels in both of
these habitat conditions in many of California’s forests due to fuel accumulation from decades of fire
suppression and recent drought-related tree mortality. Accordingly, agencies such as the U.S. Forest
Service are implementing widespread logging in Spotted Owl territories. While they acknowledge
habitat degradation from such logging, and risks to the conservation of declining Spotted Owl
populations, agencies hypothesize that such active forest management equates to effective fuel
reduction that is needed to curb fire severity for the overall benefit of this at-risk species. In an initial
investigation, I analyzed this issue in a large 2020 fire, the Creek Fire (153,738 ha), in the southern
Sierra Nevada mountains of California. I found that pre-fire snag density was not correlated with
burn severity. I also found that more intensive forest management was correlated to higher fire
severity. My results suggest the fuel reduction approach is not justified and provide indirect evidence
that such management represents a threat to Spotted Owls.


Keywords: Spotted Owl; high-severity fire; fuel reduction; fuel accumulation; logging


1. Introduction
The current dominant fire management approach of agencies managing western


U.S. federal forestlands is to implement widespread active management for the stated
purpose of reducing fuels, primarily to curb fire severity. Such management includes
commercial thinning, which involves substantial removal of small and mature live trees
along with removal of many snags. It also includes pre-commercial thinning of small
trees [1]. “Salvage” logging of patches of snags, created by fire or drought, is another
common type of fuel-reduction management [1]. Mixed-severity wildfires are often viewed
as events that increase combustible fuel by creating many new snags [1]. These forest
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management activities occur frequently within forests occupied by the imperiled California
Spotted Owl (Strix occidentalis) [1], which nests and roosts in dense, mature/old forest that
is unburned or has experienced low/moderate-severity fire [2,3]. However, the Spotted
Owl actively forages and hunts in areas of snag forest habitat, also known as “complex
early seral forest”, where natural disturbance processes have turned many or most live
trees into snags [4–6], and small mammal prey populations can be 2–6 times higher in such
post-fire habitats compared to unburned old forest [2,7]. In the absence of post-fire logging,
high-severity fire patches within Spotted Owl home ranges are associated with increased
reproduction [8]. The home ranges of Spotted Owls within mixed-severity fire areas have a
mean of 402 ha in the Sierra Nevada [4].


The types of logging activities that are conducted for fuel reduction degrade both the
nesting/roosting and foraging habitat for this species, posing a risk to the conservation of
Spotted Owl populations [8–12]. However, federal land agencies hypothesize that there
are currently excess surface fuels in the spotted-owl-inhabited conifer forests of the Sierra
Nevada, California, USA, and that such logging is needed to reduce fuels and curb future
fire severity to avert greater harm to Spotted Owls [1]. In this context, it is important to
understand whether the fuel-reduction management approach is accomplishing its stated
objective.


Fire regimes in the ponderosa pine and mixed conifer forest types in which Spotted
Owls live were historically characterized by mixed-severity fires that were dominated by
low/moderate-severity effects but included a substantial component (often 22–39%) of
high-severity fire where most or all trees were killed in both small and large patches [13,14].
These forests generally have less area burned now than they did before fire suppression
policies, though the annual area burned has been increasing in the most recent decades
since the 1980s [15]. Some authors have expressed concern about imperiled species where
large fires occur and propose increasing the pace and scale of fuel-reduction logging as a
landscape-scale fire management and conservation approach [1,16,17].


A core assumption of the fuel reduction hypothesis is that forests with little or no
fuel-reduction logging and unmanaged forests that are long unburned or have many snags
from past drought or mixed-severity fire will burn more severely due to fuel accumulation
when wildland fires occur [1,18]. Some have also hypothesized that within the range of
the Spotted Owl in the southern Sierra Nevada, forests with the highest densities of snags
from heightened drought-driven snag recruitment in 2014–2017 would burn more severely
due to accumulating dead branches and downed logs on the forest floor [18].


Large-scale logging operations are being conducted in California Spotted Owl habitat
based on the fuel reduction hypothesis, which raises significant conservation concerns.
Such logging has been found to adversely impact Spotted Owl occupancy and/or for-
aging activity [5,9,11,12,19]. Moreover, California Spotted Owl populations are small
and vulnerable. The California Spotted Owl population is estimated to be comprised of
<2500 individuals [20] and has been declining for more than two decades in every demo-
graphic study area [16,20] except for the one in Sequoia and Kings Canyon National Park,
where wildfires are common but no logging is allowed [21]. One meta-analysis indicates
that the minimum viable population for bird species is 3742 individuals [22]. While specific
population thresholds may vary by genus and species, California Spotted Owl populations
are small, underscoring the importance of understanding the effects of fuel-reduction
logging in order to facilitate conservation of the species.


Here, I present an initial investigation of the fuel reduction hypothesis and fire severity
in a large 2020 fire, the Creek Fire (153,738 ha), in the southern Sierra Nevada mountains
of California, USA. This fire occurred in a landscape with a mix of past fuel-reduction
logging and forest protections along with numerous areas of high tree mortality from
past wildfires and an intense drought and resulting snag recruitment in 2014–2017. The
fire area is inhabited by California Spotted Owls. I address three specific questions re-
garding (1) whether fire severity is correlated with increasing time since the previous fire;
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(2) whether fire severity is correlated with higher snag densities; and (3) whether more
intensive fuel-reduction management is correlated with lower, or higher, fire severity.


2. Materials and Methods
My object of study was the Creek Fire of 2020 (Figure 1), which occurred primarily in


the Sierra National Forest but also included some private forestlands. The Creek Fire began
on 4 September 2020 in the Big Creek drainage north of the town of Shaver Lake, California,
with lightning identified by the U.S. Forest Service as the most likely cause. During the
first four full days, during extreme fire weather, the Creek Fire grew rapidly, reaching a
size of 65,890 ha by 8 September 2020, after which the fire slowed, reaching a final size of
153,738 ha by early December of 2020. The fire was largely composed of lower/middle
montane forest types inhabited by Spotted Owls and consisting of ponderosa pine (Pinus


ponderosa), Jeffrey pine (P. jeffreyi), sugar pine (P. lambertiana), white fir (Abies concolor),
incense cedar (Calocedrus decurrens), Douglas fir (Pseudotsuga menziesii), and California black
oak (Quercus kelloggii), with shrubs mainly consisting of mountain whitethorn (Ceanothus


cordulatus), deer brush (C. integerrimus), and greenleaf manzanita (Arctostaphylos patula).


Birdsȱ2021,ȱ2,ȱFORȱPEERȱREVIEWȱ 4ȱ
ȱ


ȱ


California’sȱFRAPȱdatabaseȱforȱpreviousȱfireȱperimetersȱ(https://frap.fire.ca.gov/frapȬproȬ
jects/fireȬperimeters/,ȱaccessedȱonȱ18ȱFebruaryȱ2021).ȱForȱdroughtȬinducedȱsnagȱdensity,ȱIȱ
usedȱ theȱ U.S.ȱ Forestȱ Service’sȱ aerialȱ treeȱ mortalityȱ surveyȱ dataȱ forȱ 2014–2017ȱ
(https://map.dfg.ca.gov/metadata/ds2783.html,ȱaccessedȱonȱ18ȱFebruaryȱ2021).ȱ


ȱ
Figureȱ1.ȱTheȱCreekȱFireȱstudyȱarea,ȱshowingȱmanagementȱcategoriesȱandȱhighȬseverityȱfireȱduringȱtheȱfirstȱfourȱdaysȱ
whenȱtheȱmostȱextremeȱfireȱbehaviorȱoccurred.ȱFigure 1. The Creek Fire study area, showing management categories and high-severity fire during
the first four days when the most extreme fire behavior occurred.
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To determine percent high-severity fire (percentage of the total area in a given category
that experienced high-severity fire), I used the U.S. Forest Service’s Burned Area Emergency
Rehabilitation (BAER) fire severity data (released in November 2020) for this fire area (https:
//fsapps.nwcg.gov/baer/baer-imagery-support-data-download, accessed on 18 February
2021). As the BAER severity data are focused on soil burn severity, they tend to be
somewhat conservative relative to vegetation severity data that are based on the difference
between pre-fire satellite imagery and one-year post-fire imagery [23]. This makes BAER
severity data useful for spatial assessments of high-severity fire since BAER data most
consistently represent high-severity fire areas, whereas vegetation severity assessments of
high-severity fire tend to contain relatively more surviving trees. I did not use vegetation
severity data from the U.S. Forest Service’s “Rapid Assessment of Vegetation Condition
after Wildfire” (“RAVG”) satellite imagery system because the satellite imagery is taken
only 30 to 60 days after fires and therefore cannot account for “flushing” of conifers that
initially appear dead (due to little or no remaining green foliage) but which are often
alive and healthy and produce new green crowns in the summer of the year following
the fire due to surviving terminal buds [24]. The inability of the RAVG system to account
for post-fire flushing can often lead to serious inaccuracies and large overestimations of
high-severity fire [2]. More reliable vegetation severity data, based on one-year post-fire
satellite imagery under the Monitoring Trends in Burn Severity (MTBS) system (https:
//www.mtbs.gov, accessed on 10 November 2021), are not generally processed and made
available until approximately two years post-fire—typically well after forest management
decisions regarding post-fire logging are already made and such logging is underway.


I restricted my analyses to the ponderosa pine and mixed conifer forest types that are
inhabited by Spotted Owls, using Landfire BpS data (https://www.landfire.gov, accessed
on 18 February 2021) for the following forest type categories: Mediterranean California Dry-
Mesic Mixed Conifer Forest and Woodland, Mediterranean California Mesic Mixed Conifer
Forest and Woodland, Mediterranean California Lower Montane Black Oak—Conifer
Forest and Woodland, and California Montane Jeffrey Pine(-Ponderosa Pine) Woodland.


For forest management and fire history on federal lands, I used U.S. Forest Service
data on the date, spatial location and boundaries, and type of past logging (https://
data.fs.usda.gov/geodata/edw/datasets.php; https://data.fs.usda.gov/geodata/edw/
datasets.php?xmlKeyword=Hazardous+Fuel+Treatment; both accessed on 18 February
2021), eliminating any redundant data entries in these datasets, and the state of California’s
FRAP database for previous fire perimeters (https://frap.fire.ca.gov/frap-projects/fire-
perimeters/, accessed on 18 February 2021). For drought-induced snag density, I used the
U.S. Forest Service’s aerial tree mortality survey data for 2014–2017 (https://map.dfg.ca.
gov/metadata/ds2783.html, accessed on 18 February 2021).


The resolution (pixel size) of the datasets used was 30 m.
I used Spearman’s rank correlation test [25,26] (two-tailed) to determine whether


increasing snag density was associated with fire severity, with percent high-severity fire
as the dependent variable. I arranged the snag density data into the following snags/ha
categories: (1) <25, (2) 26–50, (3) 51–75, (4) 76–100, (5) 101–125, and (6) >125. I restricted this
analysis to protected federal forests with no logging history in order to avoid the potentially
confounding effect of past logging. These forests burned after the first four days of the
Creek Fire. For this analysis, each category had a minimum of 400 ha of total burned area.


The snag density data were provided as continuous data. However, it would not have
been optimal to attempt to analyze these data as continuous in this circumstance because
many of the areas with a particular numerical snags/ha density were in patches of only
1 ha or smaller, and the percent high-severity fire at such a spatial scale becomes extremely
variable, or “noisy”. Moreover, attempting to delineate the experimental unit for such
continuous data using all of the data would be infeasible and subject to many arbitrary
choices. My approach used all of the available data in each snag density category for the
Creek Fire within protected federal forests.
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To assess whether there was a correlation between more intensive fuel-reduction man-
agement and percent high-severity fire, I restricted this analysis to the first four full days of
the Creek Fire, from 5 September 2020 through 8 September 2020, during which extreme
fire weather and plume-dominated fire behavior occurred. This was associated with a
rapid daily rate of spread on these days of 14,643 to 18,240 ha, which was approximately
twice the next closest daily rates of spread during subsequent days. I used Spearman’s rank
correlation test (two-tailed), ranking categories such that the most intensive fuel-reduction
logging received the lowest rank, as follows: (1) post-fire “salvage” logging on federal
lands, 1995–present; (2) Southern California Edison private timberlands (40-year history of
commercial thinning and prescribed burning); (3) commercial thinning, with slash burning,
on federal lands, 1995–present; (4) commercial thinning, with no slash burning, on federal
lands, 1995–present; (5) noncommercial thinning on federal lands, 1995–present (cutting of
seedlings and sapling-sized trees); (6) re-burn, no post-fire logging (“re-burn” of previous
mixed-severity fires, 1995–present, on federal lands with no subsequent post-fire logging);
and (7) general federal forestlands (no forest management or wildfire between 1995 and
the occurrence of the Creek Fire). Each category had a minimum of 400 ha of total burned
area. Percent high-severity fire was the dependent variable.


I assigned federal lands with post-fire logging the lowest rank (most intensive fuel-
reduction logging) because under the existing forest plan, such logging is focused in
areas of high-severity fire, where most or all trees were killed, and is characterized by
clearcutting, with retention of small clumps of snags, averaging 10/ha [1]. This category
involves the most intensive tree removal and, under the fuel reduction hypothesis, would
be expected to have the lowest fire severity. I assigned the second ranking to the Edison
private timberlands, which have been commercially thinned and prescription burned for
approximately 40 years. I assigned the third and fourth rankings to commercial thinning on
federal lands, with and without subsequent burning of logging “slash” debris, respectively,
because the current forest plan allows many small trees and some mature trees to be
removed (up to 75 cm in diameter at breast height) but also includes some limits on
canopy cover reduction in Spotted Owl habitat (limits that do not exist for the Edison
private lands), generally requiring retention of at least 50% canopy cover [1]. I assigned
noncommercial thinning on federal lands to the fifth ranking because it is a less intensive
form of thinning that does not include removal of mature trees, making it a less intensive
form of fuel-reduction management. Re-burn of federal lands with mixed-severity wildfire,
1995–present, and no post-fire logging, occupied the sixth ranking because such areas
represent only wildfire, with no fuel management. General federal forestlands occupied
the last ranking since these areas have no forest management or fire history between 1995
and the Creek Fire of 2020 and would be expected to have high fire severity under the fuel
reduction hypothesis.


3. Results
There was no correlation between snag density and percent high-severity fire (rs = 0.143,


p = 0.787; Table 1).


Table 1. Snag density and percent high-severity fire in unmanaged forests.


Snags (ha) Rank High-Severity % Area (ha)


<25 1 1.1 3632
26–50 2 2.2 5161
51–75 3 6.2 4178


76–100 4 6.4 405
101–125 5 0.4 693


>125 6 4.3 973


There was a significant inverse correlation between intensity of fuel-reduction manage-
ment and percent high-severity fire, with the fuel-reduction logging categories experiencing
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the highest fire severity and the lowest fire severity occurring in forests that had previ-
ous prescribed fire (with no pre-fire thinning or post-fire logging) or wildfire (with no
post-fire logging) (rs = �0.893, p = 0.007; Table 2). General federal forests with no recent
(since 1995) fire or forest management prior to the Creek Fire had intermediate levels of
high-severity fire.


Table 2. Forest management categories and percent high-severity fire for the first four days of the
Creek Fire.


Category Rank High-Severity % Area (ha)


Post-fire logging 1 29.2 985
Edison (private) 2 28.6 1496


Commercial thin, burn 3 24.7 432
Commercial thin, no burn 4 21.7 2624


Noncommercial thin 5 14.1 647
Re-burn, no post-fire logging 6 9.1 5935
General federal forestlands 7 21.4 23,260


4. Discussion
Within the forest types inhabited by California Spotted Owls, high-severity fire occur-


rence was not higher overall in unmanaged forests and was not associated with the density
of pre-fire snags from recent drought in the Creek Fire, contrary to expectations under
the fuel reduction hypothesis. Moreover, fuel-reduction logging in California Spotted
Owl habitats was associated with higher fire severity in most cases. The highest levels of
high-severity fire were in the categories with commercial logging (post-fire logging, private
commercial timberlands, and commercial thinning), while the three categories with lower
levels of high-severity fire were in forests with no recent forest management or wildfire,
less intensive noncommercial management, and unmanaged forests with re-burning of
mixed-severity wildfire, respectively. These initial results, which provide indirect but
important information regarding fuel-reduction management in Spotted Owl habitats, do
not support the fuel reduction hypothesis. Other recent research indicates that forests with
less environmental protection and more tree removal tend to burn more severely [27], and
there is research concluding that forests with post-fire logging and artificial tree planting
burn more severely than burned forests with no post-fire logging and no tree planting [28].


The scientific conclusion that logging is associated with increased fire severity is not
new. In 1996, a large team of university and agency scientists, commissioned by the U.S.
Congress, released the conclusions of the Sierra Nevada Ecosystem Project Report, finding
the following: “Timber harvest, through its effects on forest structure, local microclimate,
and fuel accumulation, has increased fire severity more than any other recent human
activity” [29]. Logging, conducted under the rubric of fuel reduction, reduces the cooling
shade of the forest canopy, creating a hotter, drier microclimate and reducing the buffering
effect that denser stands have against the winds that drive flames, while leaving behind
some amount of kindling-like slash debris and spreading combustible invasive grasses
such as cheatgrass [27,30]. Post-fire logging also reduces shade and nearly eliminates
large, downed logs that retain soil moisture [31] while spreading slash debris and ignitable
invasive grasses [27], and the homogenous tree plantations that are planted after post-fire
logging may often burn more severely [28].


Moreover, contrary to the hypothesis proposed by proponents of fuel-reduction log-
ging of snag forest habitats [18], forests with the highest densities of pre-fire snags in
the Creek Fire did not have higher fire severity. This result is broadly consistent with
region-wide, field-based research finding overall lower fire severity in forests with high
levels of snags from previous drought and bark beetle occurrence [32].


My results are based on one fire, the Creek Fire of 2020. Though this was a very large
fire, similar research in other large fires will be important in the future, especially where the
spatial area comprising certain snag density and/or fuel-reduction management categories
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may be more extensive than in my Creek Fire analysis. Moreover, topography was beyond
the scope of my analysis here, but future research in other large fires could incorporate this
variable.


My findings are good news for conservation efforts of imperiled Spotted Owls since
they indicate that the acknowledged degradation of dense, mature/old forests that is
caused by commercial thinning, which removes trees up to 76 cm in diameter in the
National Forests of the Sierra Nevada [1], is not a necessary or warranted impact to Spotted
Owl nesting/roosting habitat. My results suggest that it does not reliably accomplish its
stated goal of reducing fire severity. Similarly, my finding that earlier unlogged wildfires
re-burned at >90% low/moderate severity in the Creek Fire is also good news for Spotted
Owl conservation. High-severity fire levels were three times higher where post-fire logging
had occurred in earlier fires. Snag forest habitat is actively used, and even selected, for
foraging by Spotted Owls due to an enhanced small mammal prey base in this habitat [2].
Given that post-fire logging was not associated with lower fire severity and, in fact, had
much higher fire severity than unlogged fire areas, the well-documented adverse impacts
to Spotted Owls from this forest management practice [9] are also unwarranted. Notably,
other research has found that in the absence of post-fire logging, re-burns tend to be heavily
dominated by lower-severity effects [33,34], similar to my results here.


These results are good news in particular for the Spotted Owls inhabiting the Creek
Fire area in the Sierra National Forest. There are an estimated 226 Spotted Owl territories in
the Sierra National Forest, ~40% of which are within the Creek Fire perimeter [3,20]. Spotted
Owl populations in the Sierra National Forest have been suffering ongoing population
declines in recent decades due to habitat degradation and loss, largely from commercial
thinning and post-fire logging [20]. Notably, Spotted Owl populations have been declining
by ~1–2% per year since the 1990s in the Sierra Nevada demographic study areas where
fuel-reduction logging occurs, while Spotted Owl populations have been increasing by
~1% per year in the minor portion of the landscape that is protected from logging [20,35].
Moving away from such logging activities following the Creek Fire, as my results suggest
is warranted, would benefit the recovery of Spotted Owl populations.


My findings in the Creek Fire, based on the U.S. Forest Service’s own forest manage-
ment and fire severity data, and the at-risk status of the Spotted Owl, suggest a need to
change the management direction and shift away from fuel-reduction logging in forests
inhabited by this species.
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Abstract.   There is a widespread view among land managers and others that the protected status of 
many forestlands in the western United States corresponds with higher fire severity levels due to historical 
restrictions on logging that contribute to greater amounts of biomass and fuel loading in less intensively 
managed areas, particularly after decades of fire suppression. This view has led to recent proposals—both 
administrative and legislative—to reduce or eliminate forest protections and increase some forms of log-
ging based on the belief that restrictions on active management have increased fire severity. We investigat-
ed the relationship between protected status and fire severity using the Random Forests algorithm applied 
to 1500 fires affecting 9.5 million hectares between 1984 and 2014 in pine (Pinus ponderosa, Pinus jeffreyi) 
and mixed- conifer forests of western United States, accounting for key topographic and climate variables. 
We found forests with higher levels of protection had lower severity values even though they are generally 
identified as having the highest overall levels of biomass and fuel loading. Our results suggest a need to 
reconsider current overly simplistic assumptions about the relationship between forest protection and fire 
severity in fire management and policy.


Key words:   biodiversity; climate; fire frequency; fire severity; fire suppression; Gap Analysis Program levels; logging; 
protected areas.
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INTRODUCTION


It is a widely held assumption among federal 
land management agencies and others that a 
lack of active forest management of some fed-
eral forestlands—especially within relatively 
frequent- fire forest types such as ponderosa pine 
(Pinus ponderosa) and mixed conifers—is asso-
ciated with higher levels of fire severity when 
wildland fires occur (USDA Forest Service 2004, 
2014, 2015, 2016). This prevailing forest/fire man-
agement hypothesis assumes that forests with 
higher levels of protection, and therefore less 
logging, will burn more intensely due to higher 
fuel loads and forest density. Recommenda-
tions have been made to increase logging as fuel 


reduction and decrease forest protections before 
wildland fire can be more extensively reintro-
duced on the landscape after decades of fire sup-
pression (USDA Forest Service 2004, 2014, 2015, 
2016). The concern follows that, in the absence of 
such a shift in forest management, fires are burn-
ing too severely and may adversely affect forest 
resilience (North et al. 2009, 2015, Stephens et al. 
2013, 2015, Hessburg 2016). Nearly every fire sea-
son, the United States Congress introduces for-
est management legislation based on this view 
and aimed at increasing mechanical fuel treat-
ments via intensive logging and weakened forest 
protections.


However, the fundamental premise for this fire 
management strategy has not been rigorously 
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tested across broad regions. We broadly assessed 
the influence of forest protection levels on fire 
severity in pine and mixed- conifer forests of the 
western United States with relatively frequent- 
fire regimes to test this assumption. We used veg-
etation burn severity data from all fires >405 ha 
over a three- decade period, 1984–2014, in forests 
with varying levels of protection.


Study area
Pine and mixed- conifer forests at low/mid- 


elevations, where historical fires were relatively 
frequent, are broadly distributed across several 
ecoregions in the western United States (Fig. 1; 
Appendix S1: Table S1). Although ponderosa pine 
often dominates these forests, they can also 
include Jeffrey pine (Pinus jeffreyi), which in places 
intermix with, and are similar to, ponderosa pine 
forests, and Madrean pine–oak (Quercus spp.) 
 forests with a diversity of pines. Mixed- conifer 
forests at low/mid- elevations are also broadly dis-
tributed across multiple ecoregions (Fig. 1). They 
can include additional pines (e.g., lodgepole pine, 
Pinus contorta; sugar pine, Pinus lambertiana), true 
firs (Abies spp.), Douglas- fir (Pseudotsuga  menzeisii), 
and incense- cedar (Calocedrus decurrens).


METHODS


We used Gap Analysis Program (GAP) protec-
tion classes (USGS 2012), as described below, to 
determine whether areas with the most protec-
tion (i.e., GAP1 and GAP2) had a tendency to 
burn more severely than areas where intensive 
management is allowed (i.e., GAP3 and GAP4). 
We compared satellite- derived burn severity data 
for 1500 fires affecting 9.5 million hectares from 
years for which there were available data (1984–
2014) among four different forest protection lev-
els (Fig. 1), accounting for variation in topography 
and climate. We analyzed fires within relatively 
frequent- fire forest types comprised of pine and 
mixed- conifer forests mainly because these are 
the predominant forest types at low to mid- 
elevations in the western United States, there is a 
large data set on fire occurrence, and they have 
been a major concern of land managers for some 
time due to decades of fire suppression. We 
defined geographic extent of forest types from the 
Biophysical Settings data set (BpS) (Rollins 2009; 
public communication, http://www.landfire.gov) 


that derived forest maps from satellite imagery 
and represents plant communities based on 
NatureServe’s Ecological Systems classification. 
Baker (2015) noted that some previous work 
found ~65% classification accuracy of this system 
with regard to specific forest types and, accord-
ingly, he analyzed groups of related forest types 
in order to improve accuracy. We followed his 
approach (see Appendix S1: Table S1). The cate-
gories selected from the Biophysical Settings map 
were ponderosa/Jeffrey pine and mixed- conifer 
forest types with relatively frequent- fire regimes 
(e.g., Swetnam and Baisan 1996, Taylor and 
Skinner 1998, Schoennagel et al. 2004, Stephens 
and Collins 2004, Sherriff et al. 2014), compared to 
other forest types with different fire regimes such 
as high- elevation forests and many coastal forests 
not studied herein. Forest types in our study 
totaled 29.2 million hectares (Fig. 1; Appendix S1: 
Table S1). We used the BpS data to capture areas 
that were classified as forests before fire, because 
postfire vegetation maps can potentially show 
these same areas as temporarily changed to other 
vegetation types. We sampled our response and 
predictor variables on an evenly spaced 90 × 90 m 
grid within these forest types using ArcMap 10.3 
(ESRI 2014). This created a data set of 5,580,435 
independent observations from which we drew 
our random samples to create our models. The 
90- m spacing was chosen because it was the 
smallest spacing of points that was computation-
ally practical with which to operate.


Fires
The Monitoring Trends in Burn Severity proj-


ect (MTBS, public communication, http://www.
mtbs.gov) is a U.S. Department of Interior and 
Department of Agriculture- sponsored program 
that has compiled burn severity data from satel-
lite imagery, which became available in 1984, for 
fires >405 ha, and was current up to 2014 
(Eidenshink et al. 2007). The MTBS Web site 
allows bulk download of spatial products that 
include two closely related indices of burn sever-
ity: differenced normalized burn ratio (dNBR) 
(Key and Benson 2006) and relative differenced 
normalized burn ratio (RdNBR) (Miller and 
Thode 2007). Both indices are calculated from 
Landsat TM and ETM satellite imagery of 
reflected light from the earth’s surface at infrared 
wavelengths from before and after fire to 
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measure associated changes in vegetation cover 
and soil characteristics. We defined burn severity 
with the RdNBR index because it adjusts for pre-
fire conditions at each pixel and provides a more 
consistent measure of burn severity than dNBR 
when studying broad geographic regions with 
many different vegetation types (Miller et al. 


2009a, Norton et al. 2009). RdNBR values typi-
cally range from negative 500 to 1500 with values 
further away from zero representing greater 
change from prefire conditions. Negative values 
represent vegetation growth and positive values 
increasing levels of overstory vegetation mortal-
ity. The RdNBR values could be used to classify 


Fig. 1. Pine and mixed-conifer forests, fires, and ecoregions analyzed in this study.







October 2016 v Volume 7(10) v Article e014924 v www.esajournals.org


  BRADLEy ET AL.


fires into discrete burn severity classes of low, 
medium, and high but this was not performed in 
our study, as we desired to have a continuous 
response variable in our models.


We intersected forest sampling points with fire 
perimeters downloaded from MTBS to determine 
fires that occurred in our analysis area, and cen-
sored fires with <100 sampling points (81 ha). The 
remaining points represented sampling locations 
from 2069 fires (Fig. 1). We extracted RdNBR val-
ues at each sampling point as our response vari-
able as well as predictor variables that included 
topography, geography, climate, and GAP status. 
These sampling points were used to investigate 
the relationship between forest protection levels 
and burn severity (Appendix S1: Tables S2 and 
S3). We chose topographic and climatic variables 
based on previous studies that quantified the 
relationship between burn severity, topography, 
and climate (Dillon et al. 2011, Kane et al. 2015).


Topographic and climatic data
To account for the effects of topographic and cli-


matic variability, we derived several topographic 
indices (Appendix S1: Table S2) from seamless 
elevation data (public communication, http://www.
landfire.gov/topographic.php) downscaled to 90- 
m2 spatial resolution due to computational limits 
when intersecting sampling points. These indices 
capture categories of topography, including per-
centage slope, surface complexity, slope position, 
and several temperature and moisture metrics 
derived from aspect and slope position. We used 
the Geomorphometry and Gradient Metrics 
Toolbox version 2.0 (public communication, http://
evansmurphy.wix.com/evansspatial) to compute 
these metrics. We also computed several tempera-
ture and precipitation variables (Appendix S1: 
Table S3) by downloading climatic conditions for 
each month from 1984 to 2014 from the PRISM 
 climate group (public communication, http://prism.
oregonstate.edu). Climate grids record precipita-
tion and minimum, mean, and maximum tem-
perature at a 4- km grid scale created by 
interpolating data from over 10,000 weather sta-
tions. To determine the departure from average 
conditions, we subtracted each climate grid by its 
30- yr mean monthly value. These “30- yr Normals” 
data sets were also downloaded from the PRISM 
Web site and reflected the mean values from 
the most recent full decades (1981–2010). We 


determined mean seasonal values with summer 
defined as the mean of July, August, and 
September of the year before a given fire; fall being 
the mean of October, November, and December of 
the previous year; winter the mean of January, 
February, and March of the current year of a given 
fire; and spring the mean of April, May, and June 
of the current year.


Protected area status and ecoregion classification
We used the Protected Areas Database of the 


United States (PAD- US; USGS 2012) to determine 
forest protection status, which is the U.S. official 
inventory of protected open space. The PAD- US 
includes all federal and most State conservation 
lands and classifies these areas with a GAP rank-
ing code (see map at: http://gis1.usgs.gov/csas/
gap/viewer/padus/Map.aspx). The GAP status 
code (herein referred to interchangeably as GAP 
class or protection status) is a metric of manage-
ment to conserve biodiversity with four relative 
categories. GAP1 is protected lands managed for 
biodiversity where disturbance events (e.g., fires) 
are generally allowed to proceed naturally. These 
lands include national parks, wilderness areas, 
and national wildlife refuges. GAP2 is protected 
lands managed for biodiversity where distur-
bance events are often suppressed. They include 
state parks and national monuments, as well as a 
small number of wilderness areas and national 
parks with different management from GAP1. 
GAP3 is lands managed for multiple uses and are 
subjected to logging. Most of these areas consist 
of non- wilderness USDA Forest Service and 
U.S. Department of Interior Bureau of Land 
Management lands as well as state trust lands. 
GAP4 is lands with no mandate for protection 
such as tribal, military, and private lands. GAP 
status is relevant to the intensity of both current 
and past managements.


We made one modification to GAP levels by 
converting Inventoried Roadless Areas (IRAs) 
from the 2001 Roadless Area Conservation Rule 
(S_USA.RoadlessArea_2001, public communica-


tion, http://data.fs.usda.gov/geodata/edw/datase 
ts.php) to GAP2 unless these areas already were 
defined as GAP1. We considered most IRAs as 
GAP2 given they are prone to policy changes 
and because they allow for certain limited types 
of logging (e.g., removal of predominately small 
trees for fuel reduction in some circumstances). 
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However, we note that very little logging has 
occurred within IRAs since the Roadless Rule, 
although there occasionally have been proposals 
to log portions of some IRAs pre-  and postfire, 
and fire suppression often occurs.


We modified level III ecoregions (U.S. Environ-
mental Protection Agency (EPA) 2013) to create 
areas of similar climate and geography (Fig. 1). 
We did this by extracting ecoregions and com-
bining adjacent provinces in our study region.


Random Forests analysis
We investigated the relationship between pro-


tection status and burn severity using the data- 
mining algorithm Random Forests (RF) (Breiman 
2001) with the “randomForestSRC” add- in pack-
age (Ishwaran and Kogalur 2016) in R (R Core 
Team 2013). This algorithm is an extension of 
classification and regression trees (CART) 
(Breiman et al. 1984) that recursively partitions 
observations into groups based on binary rule 
splits of the predictor variables. The main advan-
tage of using RF in our study is that it can work 
with spatially autocorrelated data (Cutler et al. 
2007). It can also model complex, nonlinear rela-
tionships among variables, makes no assump-
tion of variable distributions (Kane et al. 2015), 
and produces accurate predictions without over- 
fitting the available data (Breiman 2001).


Our independent observations were a ran-
dom subset of our 5.5 million points, from 
which we drew three random samples of 25,000 
points each. Each sample consisted of 500 fires 
randomly selected without replacement from 
the pool of 2069 fires. Fifty points were then 
randomly selected within each of the 500 fires. 
Our dependent variables were all continuous 
(Appendix S1: Tables S2 and S3) except for the 
main variable of interest, protected area status, 
which included the four GAP levels. The three 
observation samples were used to create three 
RF model runs, each consisting of 1000 regres-
sion trees. We conducted three RF model runs 
to assess whether our random samples of 25,000 
points produced fairly consistent results.


The RF algorithm samples approximately 
66% of the data to build the regression trees, 
and the remaining data are used for validation 
and to assess variable importance. We used this 
validation sample to determine the amount of 
 variance explained and variable importance. 


The algorithm also produces individual variable 
importance measures by calculating differences 
in prediction mean- square- error before and after 
randomly permuting each dependent variable’s 
values. Variable importance is a measure of how 
much each variable contributes to the model’s 
overall predicative accuracy.


Unlike linear models, RF does not produce 
regression coefficients to examine how a change 
in a predictor variable affects the response vari-
able. The analogy to this in RF is the partial 
dependence plot which is a graphical depiction 
of how the response will change with a single 
predictor while averaging out the effects of the 
other predictors, such as the climatic and topo-
graphic variables (Cutler et al. 2007). We used 
this approach, in addition to using RF to deter-
mine overall variable importance as described 
above, in order to determine the effect of GAP 
status, in particular, on fire severity, while aver-
aging out effects of climate and topography.


Mixed- effects analysis
We performed a linear mixed- effects analysis 


using the “nlme” add- on package in R (Pinheiro 
et al. 2015). We used a random intercept model 
and identified year of fire (n = 31) and ecoregion 
(n = 10) as random effects. Similar to our RF mod-
els, our independent observations were a random 
subset of our 5.5 million points but for these mod-
els we drew three random samples of 50,000 
points each. Each sample consisted of 500 fires 
randomly selected without replacement, and 
within each of those fires, 100 points were ran-
domly selected. Our dependent variables were the 
same used in our RF models, and we log- 
transformed the non- normal variables of slope, 
surface roughness, and topographic radiation 
aspect index. We removed dependent variables 
that were correlated with each other (Pearson’s 
r > 0.5), retaining 21 of 45 candidate dependent 
variables, and centered these on their means. 
Model reduction was performed in a stepwise 
process using bidirectional elimination with 
Bayesian information criterion selection criterion.


Spatial autocorrelation analysis
Spatial autocorrelation (SA) is the measure of 


similarity between pairs of observations in rela-
tionship to the distance between them. Ecological 
variables are inherently autocorrelated because 
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landscape attributes that are closer together are 
often more similar than those that are far apart.


We assessed the SA in the Pearson residu-
als with inspection of Moran’s I autocorrela-
tion index using the “APE” package add- in in R 
(Paradis et al. 2004) after removing points that 
shared the same x and y coordinates. Moran’s I 
is an index that ranges from −1 to 1 with the sign 
of the values indicating strength and direction of 
SA. Values close to zero are considered to have a 
random spatial pattern. Our mixed- effects mod-
els all had a Moran’s I values statistically differ-
ent from 0 at the 95% confidence level (P < 0.001) 
so we included a spatial correlation structure in 
our model using the “nlme” package in R. Of 
Gaussian, exponential, linear, and spherical spa-
tial correlation structures, we determined that 
the exponential structure produced the lowest 
Akaike’s information criterion (AIC). Despite 
these additions, our second measurements still 
found relatively small, but significant, autocor-
relation (Moran’s I for model runs 1, 2, 3 = 0.10, 
0.08, 0.10, all P < 0.001).


RESULTS


With regard to ranking of variables in the 
model runs, variable importance plots from the 
three RF model runs show that protection status 


was consistently ranked as one of the 10 most 
important of the 45 variables in explaining burn 
severity (Appendix S1: Table S4). The most 
important variable explaining burn severity was 
ecoregion for models 1 and 2 and maximum tem-
perature from the previous fall for model 3.


With regard to the GAP status variable in 
particular, after averaging out the effects of cli-
matic and topographic variables, the RF partial 
dependence plots show an increasing trend of 
fire severity with decreasing protection status 
(Fig. 2). Fires in GAP4 had mean RdNBR values 
greater than two standard errors higher than 
all other GAP levels. Fires in GAP3 had mean 
RdNBR values two standard errors higher than 
GAP1 in all model runs. GAP3 differences with 
GAP2 were less pronounced with only one model 
showing differences greater than two standard 
errors. Fires in GAP1 were consistently the least 
severe, being two standard errors less than GAP3 
in all model runs and two standard errors less 
than GAP2 in two of three model runs.


Our mixed- effects models validated these find-
ings with similar results (Fig. 3, Appendix S1: 
Table S5). Like our RF models, our linear mixed- 
effects models showed GAP4 fires to have sig-
nificantly higher RdNBR values and GAP1 fires 
to have significantly lower RdNBR values when 
compared to all other GAP classes. Fires in GAP 


Fig. 2. Random Forests partial dependence of protection status vs. RdNBR burn severity for each model  
(n = 25,000). The variance explained is shown as pseudo R2.
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status levels 2 and 3 were not significantly dif-
ferent in the mixed- effects models. Although 
the level of autocorrelation was significant, it 
was small in our model (Moran’s I ~0.1) and not 
enough to account for such a substantial differ-
ence in burn severity among protection classes.


DISCUSSION


Protected forests burn at lower severities
We found no evidence to support the prevail-


ing forest/fire management hypothesis that 
higher levels of forest protections are associated 
with more severe fires based on the RF and linear 
mixed- effects modeling approaches. On the con-
trary, using over three decades of fire severity 
data from relatively frequent- fire pine and 
mixed- conifer forests throughout the western 
United States, we found support for the opposite 
conclusion—burn severity tended to be higher in 
areas with lower levels of protection status (more 
intense management), after accounting for topo-
graphic and climatic conditions in all three model 
runs. Thus, we rejected the prevailing forest 
management view that areas with higher protec-
tion levels burn most severely during wildfires.


Protection classes are relevant not only to 
recent or current forest management practices 
but also to past management. Millions of hectares 
of land have been protected from logging since 
the 1964 Wilderness Act and the 2001 Roadless 
Rule, but these areas are typically categorized 


as such due to a lack of historical road building 
and associated logging across patches >2000 ha, 
while GAP3 lands, for instance, such as National 
Forests lands under “multiple use management,” 
have generally experienced some form of logging 
activity over the last 80 yr.


We expect that the effects of historic logging 
from nearly a century ago to gradually lessen 
over time, as succession and natural disturbance 
processes reestablish structural and composi-
tional complexity, but it was beyond the scope of 
this study to attempt to assess the relative role 
of recent vs. historical logging. Similarly, indus-
trial fire suppression programs that intensified 
in the 1940s influenced fire extent across forest 
protection classes. While more recent let- burn 
policies have been applied in GAP1 and GAP2 
forests in some circumstances, evidence indi-
cates that protected forests nevertheless remain 
in a substantial fire deficit, relative to the prefire 
suppression era (Odion et al. 2014, 2016, Parks 
et al. 2015). Thus, we believe it is unlikely that 
recent decisions to allow some backcountry fires 
to burn, largely unimpeded, account for much of 
the differences in fire severity among protection 
classes that we found, simply because such let- 
burn policies have not been extensive enough to 
remedy the ongoing fire deficit.


While forests in different protection classes can 
vary in elevation, with protected forests often 
occupying higher elevations, our results indi-
cate that protection class itself produced notable 


Fig. 3. Linear mixed effects models of protection status vs. RdNBR burn severity (n = 50,000).
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differences in fire severity after averaging out 
the effects of elevation and climate (see Fig. 2 
and Results above). In our study, GAP1 forests 
were 284 m on average higher in elevation than 
GAP4 forests, while GAP1 forests experienced 
lower fire severity. This is the opposite of expec-
tations if elevation was a key influence because 
higher elevation forests are associated with 
higher fire severity (see, e.g., Schoennagel et al. 
2004, Sherriff et al. 2014). We note that we are not 
the first to determine that increased fire severity 
often occurs in forests with an active logging his-
tory (Countryman 1956, Odion et al. 2004).


Prevailing forest–fire management perspectives vs. 
alternative views


An extension of the prevailing forest/fire man-
agement hypothesis is that biomass and fuels 
increase with increasing time after fire (due to 
suppression), leading to such intense fires that 
the most long- unburned forests will experience 
predominantly severe fire behavior (e.g., see 
USDA Forest Service 2004, Agee and Skinner 
2005, Spies et al. 2006, Miller et al. 2009b, Miller 
and Safford 2012, Stephens et al. 2013, Lydersen 
et al. 2014, Dennison et al. 2014, Hessburg 2016). 
However, this was not the case for the most long- 
unburned forests in two ecoregions in which this 
question has been previously investigated—the 
Sierra Nevada of California and the Klamath- 
Siskiyou of northern California and southwest 
Oregon. In these ecoregions, the most long- 
unburned forests experienced mostly low/
moderate- severity fire (Odion et al. 2004, Odion 
and Hanson 2006, Miller et al. 2012, van 
Wagtendonk et al. 2012). Some of these research-
ers have hypothesized that as forests mature, the 
overstory canopy results in cooling shade that 
allows surface fuels to stay moister longer into 
fire season (Odion and Hanson 2006, 2008). This 
effect may also lead to a reduction in pyrogenic 
native shrubs and other understory vegetation 
that can carry fire, due to insufficient sunlight 
reaching the understory (Odion et al. 2004, 2010).


Another fundamental assumption is that cur-
rent fires are becoming too large and severe 
compared to recent historical time lines (Agee 
and Skinner 2005, Spies et al. 2006, Miller et al. 
2009b, Miller and Safford 2012, Stephens et al. 
2013, Lydersen et al. 2014, Dennison et al. 2014, 
Hessburg 2016). However, others have shown 


that this is not the case for most western for-
est types. For instance, using the MTBS (www.
mtbs.gov) data set, Picotte et al. (2016) found 
that most vegetation groups in the conterminous 
United States exhibited no detectable change in 
area burned or fire severity from 1984 to 2010. 
Similarly, Hanson et al. (2009) found no increase 
in rates of high- severity fire from 1984 to 2005 
in dry forests within the range of the northern 
spotted owl (Strix occidentalis caurina) based on 
the MTBS data set. Using reference data and 
records of high- severity fire, Baker (2015) found 
no significant upward trends in fire severity from 
1984 to 2012 across all dry western forest regions 
(25.5 million ha), nearly all of which instead were 
too low or were within the range of historical 
rates. Parks et al. (2015) modeled area burned as 
a function of climatic variables in western forests 
and non- forest types, documenting most forested 
areas had experienced a fire deficit (observed vs. 
expected) during 1984 to 2012 that was likely due 
to fire suppression.


Whether fires are increasing or not depends to 
a large extent on the baseline chosen for compar-
isons (i.e., shifting baseline perspective, Whitlock 
et al. 2015). For instance, using time lines predat-
ing the fire suppression era, researchers have doc-
umented no significant increases in high- severity 
fire for dry forests across the West (Williams 
and Baker 2012a, Odion et al. 2014) or for spe-
cific regions (Williams and Baker 2012b, Sherriff 
et al. 2014, Tepley and Veblen 2015). Future 
trends, with climate change and increasing tem-
peratures, may be less simple than previously 
believed, due to shifts in pyrogenic understory 
vegetation (Parks et al. 2016).


This is more than just a matter of academic 
debate, as most forest management policies 
assume that fire, particularly high- severity fire, 
is increasing, is in excess of recent historical base-
lines, and needs to be reduced in size, intensity, 
and occurrence over large landscapes to prevent 
widespread ecosystem damages (policy exam-
ples include USDA Forest Service 2002, Healthy 
Forests Restoration Act 2003, USDA Forest Ser-
vice 2009, HR 167: Wildfire Disaster Funding Act 
2015). However, large fires (landscape scale or the 
so- called megafires) produce myriad ecosystem 
benefits underappreciated by most land manag-
ers and decision- makers (DellaSala and Hanson 
2015a, DellaSala et al. 2015). High- severity fire 







October 2016 v Volume 7(10) v Article e014929 v www.esajournals.org


  BRADLEy ET AL.


patches, in particular, provide a pulse of “biolog-
ical legacies” (e.g., snags, down logs, and native 
shrub patches) essential for complex early seral 
associates (e.g., many bird species) that link seral 
stages from new forest to old growth (Swanson 
et al. 2011, Donato et al. 2012, DellaSala et al. 
2014, Hanson 2014, 2015, DellaSala and Hanson 
2015a). Complex early seral forests are most 
often logged after fire, which, along with aggres-
sive fire suppression, exacerbates their rarity 
and heightens their conservation importance 
(Swanson et al. 2011, DellaSala et al. 2014, 2015, 
Hanson 2014).


Limitations
One limitation of our study is that, due to the 


coarseness of the management intensity vari-
ables that we used (i.e., GAP status), we cannot 
rule out whether low intensities of management 
decreased the occurrence of high- severity fire in 
some circumstances. However, the relationship 
between forest density/fuel, mechanical fuel 
treatment, and fire severity is complex. For 
instance, thinning without subsequent pre-
scribed fire has little effect on fire severity (see 
Kalies and yocum Kent 2016) and, in some cases, 
can increase fire severity (Raymond and Peterson 
2005, Ager et al. 2007, Wimberly et al. 2009) and 
tree mortality (see, e.g., Stephens and Moghaddas 
2005, Stephens 2009: Figure 6)—the effects dep-
end on the improbable co- occurrence of reduced 
fuels (generally a short time line, within a decade 
or so) and wildfire activity (Rhodes and Baker 
2008) and can be over- ridden by extreme fire 
weather (Bessie and Johnson 1995, Hély et al. 
2001, Schoennagel et al. 2004, Lydersen et al. 
2014). Empirical data from actual fires also indi-
cate that postfire logging can increase fire sever-
ity in reburns (Thompson et al. 2007), despite 
removal of woody biomass (tree trunks) 
described by land managers as forest fuels 
(Peterson et al. 2015). While our study did not 
specifically test for these effects, such active for-
est management practices are common on GAP3 
and GAP4 lands. Recognizing these limitations, 
researchers have stressed the need for managers 
to strive for coexistence with fire by prioritizing 
fuel reduction nearest homes and allowing more 
fires to occur unimpeded in the backcountry 
(Moritz 2014, DellaSala et al. 2015, Dunn and 
Bailey 2016, Moritz and Knowles 2016).


Follow- up research at finer scales is needed to 
determine management emphasis and history 
in relation to fire severity. However, we believe 
our findings are robust at the subcontinental and 
ecoregional scales.


CONCLUSIONS


In general, our findings—that forests with the 
highest levels of protection from logging tend to 
burn least severely—suggest a need for managers 
and policymakers to rethink current forest and 
fire management direction, particularly propos-
als that seek to weaken forest protections or sus-
pend environmental laws ostensibly to facilitate a 
more extensive and industrial forest–fire man-
agement regime. Such approaches would likely 
achieve the opposite of their intended conse-
quences and would degrade complex early seral 
forests (DellaSala et al. 2015). We suggest that the 
results of our study counsel in favor of increased 
protection for federal forestlands without the 
concern that this may lead to more severe fires.


Allowing wildfires to burn under safe condi-
tions is an effective restoration tool for achieving 
landscape heterogeneity and biodiversity conser-
vation objectives in regions where high levels of 
biodiversity are associated with mixed- intensity 
fires (i.e., “pyrodiversity begets biodiversity,” 
see DellaSala and Hanson 2015b). Managers con-
cerned about fires can close and decommission 
roads that contribute to human- caused fire igni-
tions and treat fire- prone tree plantations where 
fires have been shown to burn uncharacteristi-
cally severe (Odion et al. 2004). Prioritizing fuel 
treatments to flammable vegetation adjacent to 
homes along with specific measures that reduce 
fire risks to home structures are precautionary 
steps for allowing more fires to proceed safely 
in the backcountry (Moritz 2014, DellaSala et al. 
2015, Moritz and Knowles 2016).


Managing for wildfire benefits as we suggest 
is also consistent with recent national forest pol-
icies such as 2012 National Forest Management 
Act planning rule that emphasizes maintaining 
and restoring ecological integrity across the 
national forest system and because complex 
early forests can only be produced by natural 
disturbance events not mimicked by mechani-
cal fuel reduction or clear- cut logging (Swanson 
et al. 2011, DellaSala et al. 2014). Thus, managers 
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wishing to maintain biodiversity in fire- adapted 
forests should appropriately weigh the bene-
fits of wildfires against the ecological costs of 
mechanical fuel reduction and fire suppression 
(Ingalsbee and Raja 2015) and should consider 
expansion of protected forest areas as a means 
of maintaining natural ecosystem processes like 
wildland fire.
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Have western USA fire suppression and megafire active management 
approaches become a contemporary Sisyphus? 
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A B S T R A C T   


Fire suppression policies and “active management” in response to wildfires are being carried out by land man-
agers globally, including millions of hectares of mixed conifer and dry ponderosa pine (Pinus ponderosa) forests of 
the western USA that periodically burn in mixed severity fires. Federal managers pour billions of dollars into 
command-and-control fire suppression and the MegaFire (landscape scale) Active Management Approach 
(MFAMA) in an attempt to contain wildfires increasingly influenced by top down climate forcings. Wildfire 
suppression activities aimed at stopping or slowing fires include expansive dozerlines, chemical retardants and 
igniters, backburns, and cutting trees (live and dead), including within roadless and wilderness areas. MFAMA 
involves logging of large, fire-resistant live trees and snags; mastication of beneficial shrubs; degradation of 
wildlife habitat, including endangered species habitat; aquatic impacts from an expansive road system; and 
logging-related carbon emissions. Such impacts are routinely dismissed with minimal environmental review and 
defiance of the precautionary principle in environmental planning. Placing restrictive bounds on these activities, 
deemed increasingly ineffective in a change climate, is urgently needed to overcome their contributions to the 
global biodiversity and climate crises. We urge land managers and decision makers to address the root cause of 
recent fire increases by reducing greenhouse gas emissions across all sectors, reforming industrial forestry and 
fire suppression practices, protecting carbon stores in large trees and recently burned forests, working with 
wildfire for ecosystem benefits using minimum suppression tactics when fire is not threatening towns, and 
surgical application of thinning and prescribed fire nearest homes.   


“One obvious way to weaken the cause is to discredit the person who 
champions it. And so the masters of invective have been busy; I am a bird 
lover, a cat lover, a fish lover, I am a priestess of nature and I am a 
devotee of some …cult that has to do with the laws of the universe, which 
my critics somehow consider themselves immune to. Another well known 
and much used device is to misinterpret my position and then to attack 
things I've never said… 
Is industry becoming a screen through which facts must be filtered? So 
that the hard uncomfortable truths are kept back and only the powerless 


morsels are allowed to filter through? I know many thoughtful scientists 
are deeply disturbed that their organizations are becoming fronts for 
industry…”. 
Rachel Carson, Address to the Women's National Press Club, 
December 5, 1962 (https://awpc.cattcenter.iastate.edu/2018/01/ 
08/address-to-the-womens-national-press-club-dec-4-1962/). 
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1. Command-and-control and the lesson of Sisyphus 


Post-Homeric legend teaches us that when Hades (the harbinger of 
death) came for Sisyphus, Sisyphus cheated death by putting Hades in 
chains so no human would ever suffer. But Hades outwits Sisyphus and, 
for his punishment, Sisyphus is forced to roll an enormous boulder up a 
steep hill for eternity. Modern fire suppression tactics began in earnest 
after World War II and since then all fire management agencies, 
particularly the U.S. Forest Service (USFS), have increasingly conducted 
militarized operations using command-and-control suppression tactics 
that now amount to billions of dollars annually in wildfire fighting costs. 
In addition, both the USFS and the US Department of Interior Bureau of 
Land Management (BLM) log millions of hectares annually, much of 
which is with minimal environmental safeguards under the rubric of 
“hazardous fuel reduction.” 


The resultant attempted subjugation of nature to control wildfire via 
suppression and “active management” is analogous to 20th century 
control of apex predators (e.g., Ursus arctos horribilis, Canis lupus), which 
led to cascading ecological effects (Ripple et al., 2014). Wildfires are 
now summarily treated as a predatory process to be constrained at all 
costs. Consider recent calls by decision makers demanding land man-
agement agencies start immediately to put out all fires (https://goodda 
ysacramento.cbslocal.com/2021/08/02/doug-lamalfa-forest-servi 
ce-fighting-fires/, accessed August 9, 2021), even though they can only 
feasibly steer, not “control” wildfires under extreme fire weather. Citing 
a “wildfire crisis,” USFS Chief Randy Moore “temporarily” suspended 
the agency's policy to manage wildfires for resource benefits, including 
prescribed fire (https://wildfiretoday.com/2021/08/03/forest-service- 
chief-says-wildfires-will-be-suppressed-rather-than-managed-for-now/, 
accessed August 12, 2021). In this fashion, the Sisyphean response has 
been to do more of the same even as the area burned by wildfire goes up 
(Fig. 1). 


It is widely recognized that, despite recent increases in area burned 
by wildfire in the western USA, there remains a wildfire deficit in fire- 
dependent dry ponderosa pine (Pinus ponderosa) and mixed conifer 
forests compared to historical times (Marion, 2012, Baker, 2015, 2017, 
Parks et al., 2015). In fact, the majority of burned area in regions such as 
California over the last two decades has been in non-conifer ecosystems 
(e.g., chaparral; Calhoun et al., 2021). However, due to the recent uptick 
in so called “megafires” (i.e., fires affecting large landscapes), there have 


been increasing calls to curb fire activity. Some believe that contem-
porary fires are undermining forest regeneration due to excessive high 
severity fire effects, hotter drier conditions in postfire environment due 
to climate change, and the landscape is too permeable to megafires via 
“fuel continuity” from a lack of management and fire suppression 
(Hessburg et al., 2021). Evidence-based reviews that conflict with this 
viewpoint (e.g., Odion et al., 2014a; Baker, 2015; Law and Waring, 
2015; DellaSala and Hanson, 2019; Hanson, 2021) are routinely dis-
missed (Hagmann et al., 2021) and independent conservation scientists, 
who are not funded by federal agencies, are personally attacked and 
accused of “agenda-driven bias” (Hessburg et al., 2021). Terms like 
“active management,” “healthy forests,” “climate-smart forestry,” and 
“disturbance resilience” are routinely introduced, poorly defined, and 
impactfully implemented with little analysis of consequences to fire- 
mediated biodiversity, natural carbon storage, and the climate. 
MFAMA advocates go as far as claiming that the science supporting 
proposed treatments is all but settled (https://www.mailtribune.com/t 
op-stories/2021/11/06/the-work-doesnt-stop/; accessed November 8, 
2021) and those that question it have an agenda (Hessburg et al., 2021 
also see Prichard, https://www.huffpost.com/entry/biden-deforestatio 
n-old-growth-forests-cop26_n_61841ea9e4b06de3eb726e8a, accessed 
November 6, 2021). Given the planetary climate and biodiversity crises, 
we argue that scientists can and should be advocates as concerned cit-
izens for nature while remaining true to the science and responsive to 
root causes of the crises at hand (DellaSala, 2021). 


Our objectives are to: (1) document impacts of widespread fire 
suppression and MFAMA that are contributing to the growing subjuga-
tion of nature and the planetary crises; and (2) respond to highly sub-
jective labeling of “agenda-driven science” increasingly being used by 
developers and certain land managers and researchers (Hessburg et al., 
2021) to discredit and reject the burden of proof standard in the pre-
cautionary principle underlining many of our core environmental pol-
icies and laws (Whittaker and Goldman, 2021). We focus mainly on dry 
forests of the western USA that include periodic mixed-severity fires in 
montane ponderosa pine and mixed conifer forests dominated by firs 
(Abies spp.) and Douglas-fir (Pseudotsuga menzeisii). Our findings also 
may have broader application regarding ongoing human domination of 
natural systems in response to wildfire increases affecting the built and 
natural environments globally. 


1.1. Wildfire suppression 


Contemporary fire suppression, when used singularly or in combi-
nation with active management approaches, can create long-lasting 
impacts that reduce the integrity and rejuvenation properties of eco-
systems, both spatially and temporally. During active wildfires, expan-
sive firelines are cut across both roaded and unroaded areas (e.g., 
Wilderness and Inventoried Roadless Areas) (Fig. 2), typically using 
bulldozers. In some cases, up to 74% of the lines may only serve as 
contingency lines that never intersect a fire or get utilized by firefighters 
(Baker and Halsey, 2020). Not only can these firelines spread invasive 
plants into remote areas (Backer et al., 2004), but they can also act as 
unplanned roads for off-highway vehicles that may delay forest suc-
cession and contribute to human caused fires. During periods of high fire 
activity, thousands of firefighters may be employed on a single large fire 
or fire complex, cutting down trees, building tens of kilometers of 
dozerlines and handlines to act as fire breaks, creating helicopter land-
ing pads, hoist sites, large staging areas and safety zones, setting back-
burns over vast areas using ignitable chemicals– at times under 
unfavorable conditions– or on lower slope positions, dropping chemical 
retardants (e.g., PHOS CHEK) from helicopters and tankers, and 
extracting water from lakes, rivers, streams, and even the Pacific Ocean. 
Such suppression activities can result in greater fire extent, exaggerated 
fire severity, lack of burn refugia (i.e., due to backburns and burning out 
“green islands” within the fire perimeter), and damage to both soil and 
aquatic systems (Backer et al., 2004) that are seldom factored into fire 


Fig. 1. Total area burned and wildfire suppression expenditures by federal land 
management agencies from 1985 to 2020. Data compiled from the National 
Interagency Fire Center suppression reports and from fiscal year agency bud-
gets, with USDI mainly being National Park Service that since 1972 has been 
managing wildfires as a natural part of the park systems ecology (https://www. 
nifc.gov/fire-information/statistics/suppression-costs; accessed August 
9, 2021). 
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perimeter and severity reporting. Thus, attempting to suppress the in-
tensity and extent of megafires comes with substantial consequences to 
ecosystems that accumulate spatially and temporally and that may act in 
concert with MFAMA. 


1.2. Megafire active management approach 


Active management has been communicated as some form of benign 
action with short-term impacts involving mainly thinning of small trees 
and the use of prescribed fire (Hessburg et al., 2021). While we agree 
with the need to protect “large trees” (undefined), in practice the 
MFAMA, which proponents are calling for massive increases (Hessburg 
et al., 2021; Prichard et al., 2021; Hagmann et al., 2021), has been 
implemented by federal agencies using selective logging of large-fire 
resistant trees to pay for treatment costs (DellaSala et al., 2013); 
burning slash piles (often mistakenly referred to as “prescribed fire”) 
that can cause localized soil impacts and extended periods of smoke; 
damage to soils from yarding operations, new road and landing con-
struction; operation of an expansive road system and associated impacts 
to wildlife and aquatics (e.g., Ibisch et al., 2016); spread of invasive 
weeds from soil disturbance, roads, and concomitant livestock grazing 
(Keeley 2006, Beschta et al., 2013); landscape-scale pre- (Odion et al., 
2014b) and post-fire logging that may destroy natural forest regenera-
tion and increase fire hazards (Donato et al., 2006); removal of overstory 
canopy trees in critical habitat for threatened species such as the 
Northern Spotted Owl (Strix occidentalis caurina, Odion et al., 2014b); 
biomass burning and associated carbon emissions (Sterman et al., 2018); 
mastication of ecologically beneficial shrubs important to many shrub- 
nesting birds, raptors, small mammals, conifer-shrub symbioses, 
nutrient cycling, and mycorrhizae development (Johnson and Curtis, 
2001). Importantly, protections of large trees (>50 cm dbh) in dry pine 
and mixed conifer forests of eastern Oregon and Washington were 
recently lifted by federal land managers with the support of MFAMA 
proponents (Johnston et al., 2021) seeking greater management “flexi-
bility” to reduce densities of large firs even though large trees of all 
conifer species store up to 46% of the above ground carbon and remain 


at historical deficits (Mildrexler et al., 2020). 
A consequence of the MFAMA is that it contributes to ongoing 


commodification of nature, where vegetation is “treated” as “fuel,” 2 ×
4 s the “byproduct” of “restoration,” “feedstock” for biomass burning, 
and logs to keep sawmills open (e.g., https://www.nytimes.com/2021/ 
04/10/opinion/sunday/loggers-environmentalists-oregon.html, 
accessed August 10, 2021; Prichard et al., 2021). Concerns over wildfire 
activity have led some to subjectively argue for “good” (low-moderate 
severity) fire at the expense of “bad” (high severity) fire (https://blog. 
nature.org/science/2013/05/15/good-fire-bad-fire-an-ecologists-pers 
pective//, accessed August 9, 2021; https://www.nationalgeographic. 
com/history/article/good-fire-bad-fire-indigenous-practice-may-key- 
preventing-wildfires; accessed August 9, 2021) with little attention to 
the ecological importance or impacts to biodiverse, high severity fire 
patches (DellaSala and Hanson, 2015). Such patches were historically 
and still are intrinsically important elements of large fire complexes 
(Baker, 2015) especially during periods of prolonged droughts (Keeley 
and Syphard, 2021). 


We do not disagree with ecologically justified active intervention 
(see Section 8) and passive (protection from logging and cessation of 
destructive actions) management when properly defined based on ex-
amination of all available historical and/or reference evidence and 
reduction of anthropogenic stressors. However, industrial logging and 
thinning may reduce resilience, compared to actual prescribed (i.e., 
planned application of fire over a defined area of interest under specified 
conditions) and natural fire that have biodiversity benefits in mixed 
severity systems. Moreover, active management through logging cannot 
restore the extensive deficiency of large, old trees from past agency 
management. Passive management may be able to do this restoration at 
low cost over very large areas (Baker, 2021). While MFAMA advocates 
(e.g., Hessburg et al., 2021; Prichard et al., 2021; Hagmann et al., 2021) 
recognize the importance of putting more fire on the landscape, they call 
for extensive active management (thinning) as a pre-requisite and have 
an inherent bias for low-moderate fire severity (i.e., “good fire”) in what 
is otherwise mixed-severity fire regimes that include small and large 
patches of high severity (DellaSala and Hanson, 2015). Thus, the 


Fig. 2. (A). Extent of dozerlines built during the 2018 Klamathon fire in the Soda Mountain Wilderness within the Cascade-Siskiyou National Monument, southwest 
Oregon. (B) Close up of dozerline within the Soda Mountain Wilderness. The fire never reached this fireline because handlines built below were used for containment. 
(C) Helicopter landing in an inventoried roadless area within the Buckskin 2013 burn area, southwest Oregon. Photos: L. Ruediger. 
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MFAMA represents a growing divide between biodiversity conservation 
and climate science vs a singular focus on “fuel reduction” that over-
emphasizes vegetation treatment. We suggest that managers and deci-
sion makers become keenly aware of such conflicting perspectives and 
ascribe greater attention to limiting the grossly under-reported conse-
quences of MFAMA. 


Notably, empirical evidence shows that very few treatments (<1% 
annually) actually encounter a wildfire in the period when flammable 
vegetation is lowest (Schoennagel et al., 2017). MFAMA advocates (e.g., 
Hessburg et al., 2021; Prichard et al., 2021) claim that this is because not 
enough of the landscape is treated. However, some 7 million ha already 
have been treated by 2015, yet wildfires continue to increase (Schoen-
nagel et al., 2017). As a proxy for the extent of “hazardous fuel treat-
ments” on federal lands, the US Forest Service fiscal year budget for the 
past five years has been ~$354 million (FY 2018), $435 million (FY 
2019), $445 million (FY 2020), $180 million (FY 2021), and $321 
million (FY 2022), totaling some $1.7 billion dollars (prior to FY 2018 
this category is not easily trackable). Unprecedented increases in gov-
ernment subsidies will expand the ecological and climate impacts of 
MFAMA. For instance, H.R. 3684, the Infrastructure Bill, was recently 
signed into law and includes 12 million hectares of logging over 15 years 
with the intent to modify wildland fire behavior on federal lands, sup-
ported with > $2 billion in logging subsidies, and new categorical 
exclusion (CE) authorities that bypass comprehensive environmental 
analysis otherwise mandated under the National Environmental Policy 
Act (NEPA). The Reconciliation Bill (HR 5376), which passed in the 
House but stalled in the Senate, contained an additional $14 billion in 
logging subsidies on federal lands—more than double existing lev-
els—as well as billions for private forestlands logging plus another ~ $1 
billion for forest biomass energy, wood pellet facilities, and mass timber 
(cross-laminated timber) under the heading of “wood innovation.” 
Clearly, the MFAMA approach has been deeply inculcated in wildfire 
policies and massive federal subsidizes without regard to ecosystem and 
climate costs. 


It is urgent that collateral impacts of greatly scaled up MFAMA ac-
tivities be fully realized to address the growing climate and biodiversity 
emergencies, lest cumulative maladaptive responses are anticipated that 
would further the Sisyphean response to wildfires. 


2. Are high severity burn patches increasing, requiring more 
active management? 


2.1. High severity burn patches are biologically rich and undervalued 


Reoccurring wildfires are a keystone ecosystem change agent that 
has shaped the ecology of fire-adapted dry pine and mixed conifer for-
ests in the western USA for millennia. In these forested ecosystems, fires 
of varied intensity (a measure of heat energy from fire) produce mixed- 
severity effects on vegetation at landscape scales that result in heter-
ogenous patches of tree mortality (patch severities), burn patch sizes, 
configurations, and arrangements – the “pyrodiversity begets biodiver-
sity” hypothesis (see DellaSala and Hanson, 2015). Pre-contact Indige-
nous peoples managed ignitions in places for culturally important plants 
and wildlife which, in combination with lightning strikes, maintained 
diverse landscapes, including small and large very high-severity patches 
(e.g., most trees are killed; Odion et al., 2014a) that by some accounts 
have not increased in recent decades (DellaSala and Hanson, 2019). 


Many plants have specialized adaptations to intense fire such as the 
thick bark of large diameter fire-resistant ponderosa pine, fire-resistant 
crowns of old growth giant sequoia (Sequoiadendron giganteum), “seed 
rain” of serotinous cones of lodgepole pine (Pinus contorta) and knob-
cone pine (Pinus attenuata), post-fire resprouting of coast redwood 
(Sequoia semipervirens) and many hardwood species, epicormic branch-
ing of Douglas-fir, and post-fire needle flushing of pines and firs thought 
to have been initially killed by fire (Kauffman, 1990; Hanson and North, 
2009). Native shrubs and forbs also contain fire adaptations such as 


sprouting (Sambucus spp., Spiraea betulifolia) and vigorous fire-mediated 
germination (Arctostaphylos spp., Ceanothus spp.), with some species 
even displaying post-high severity fire endemism (Eriodictyon parryi). 
Numerous birds (e.g., songbirds, cavity nesters), bats, small mammals, 
and invertebrates have specialized adaptations for nesting and foraging 
in post-fire landscapes especially within the most severe burn patches 
(DellaSala and Hanson, 2015). High severity fire can also trigger 
extensive native wildflower blooms that benefit pollinator species 
(Galbraith et al., 2019). 


2.2. Good vs. bad fire terminology is subjectively misleading 


Labeling high severity fire using subjective good vs bad terminology 
(Parks and Abatzoglou, 2020) (also referred to as euphemisms see Johns 
and DellaSala, 2017), when high-severity fires are a natural process in 
dry forests (Baker, 2015; Odion et al., 2014a; DellaSala and Hanson, 
2015), contributes to the perspective that such important burn areas can 
be logged with minimal environmental review since they produce “bad” 
fire effects (e.g., large-scale post-fire logging of the Rim fire in the Sierra 
(USDA Forest Service, 2014) and Biscuit burn area in southwest Oregon 
(USDA Forest Service, 2003)). Federal agencies target high severity 
patches for logging believing that the trees are dead anyway and can be 
expeditiously logged with a substantial amount of timber revenue 
generated under minimal environmental standards (Hanson, 2021). 
Such logging is known to reduce carbon sequestration (Serrano-Ortiz 
et al., 2011, Kauffman et al., 2019) and emit carbon stored in dead wood 
(Bradford et al., 2012), can increase surface fuels that contribute to fire 
spread while killing natural conifer establishment (Donato et al., 2006; 
Mattson et al., 2019), can impact streams from chronic sedimentation 
due to logging on steep slopes and from roads (Karr et al., 2004), can 
contribute to reburn severity (Thompson et al., 2007), can cause nest site 
abandonment in spotted owls (Lee, 2018), and reduce the abundance of 
numerous bird species among many other impacts (Lindenmayer et al., 
2008; Thorn et al., 2018). 


Good-bad fire terminology used by the wildland fire community and 
the news media also has implicit anti-fire bias (i.e., “pyroganda,” 
Ingalsbee, 2014) that perpetuates command-and-control attitudes about 
wildfire in particular and nature in general. Perspectives matter when it 
comes to describing wildfire effects as MFAMA advocates see landscapes 
as “fuels” that need to be removed to limit “bad fire” (Hessburg et al., 
2021; Prichard et al., 2021; Hagmann et al., 2021) while others see the 
intrinsic connection between pyrodiversity and biodiversity in large fire 
complexes as part of natural ecosystem and evolutionary processes that 
so far remain within historic bounds (DellaSala and Hanson, 2015; 
DellaSala and Hanson, 2019). Unfortunately, the dominant fuels-centric 
language, and related economic pressures, are inculcated in agency 
research funding priorities with little examination of potential impacts, 
forest and fire management policies that seek to bypass environmental 
laws and safeguards, and in the training of foresters in general. We 
suggest more ecologically inclusive terminology replace phrases like 
“fuels” with flammable vegetation or habitat, “consumed” or 
“destroyed” with “affected” by wildfire, “fire scar” with “burn perim-
eter” or “fire footprint,” “catastrophic” with “forest renewal,” and 
“salvage logging” and “thinning” with “post-fire logging” and “live tree 
logging.” Further, land managers could report on area restored by nat-
ural wildfire ignitions managed for ecosystem benefits instead of 
counting only fuel-reduction from mechanical thinning and prescribed 
fire. 


2.3. High severity burn patches are not larger or more prevalent in 
protected areas 


Often it is claimed that protected areas like Late-Successional Re-
serves (i.e., Northwest Forest Plan - NWFP), wilderness, national parks, 
and roadless areas are contributing to greater risks of high severity fires 
and should be actively managed with some forms of logging (e.g., see 
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Bradley et al., 2016 vs. Spies et al., 2018). Research that has accounted 
for forest type concludes that protected forests have far lower fire 
severity levels than logged lands showing the highest proportions of 
high severity fire effects (Bradley et al., 2016). Absent forestry reforms, 
and in a rapidly changing climate, we expect this trend toward more 
intense fire in heavily logged areas to continue (e.g., see Zald and Dunn, 
2018). 


2.4. High severity burn patches link successional processes 


A complete or near-complete lack of conifer recruitment, and type 
conversion to hardwood forest or shrubland, is often assumed by 
MFAMA proponents when justifying post-fire logging and reforestation 
projects (e.g., both the Biscuit (USDA Forest Service, 2003) and Rim fire 
(USDA Forest Service, 2014) projects included massive postfire logging 
and tree planting). However, several studies have found relatively 
abundant levels of natural conifer regeneration in large, severe burn 
patches (Donato et al., 2009a; Haire and McGarigal, 2010; Owen et al., 
2017; DellaSala and Hanson, 2019), with many severe patches regen-
erating hundreds of meters away from nearest seed sources (Hanson, 
2018; DellaSala and Hanson, 2019; Kauffman et al., 2019). Research has 
also shown that natural conifer regeneration in high severity burn 
patches may be underreported and conifer failures grossly overstated 
due to methodological problems with sample plot size and placement 
(Hanson and Chi, 2021). Importantly, recently burned forests (complex 
early seral) provide the structure for development of old-growth char-
acteristics over time (Swanson et al., 2011; Donato et al., 2012). Thus, 
what land managers do to the forest following a natural disturbance has 
legacy implications throughout forest succession. 


While conifer regeneration is expected in the years following high 
severity fire due to naturally high perimeter to area ratios and abundant 
low/moderate-severity inclusions within large high-severity patches 
(DellaSala and Hanson, 2019), localized areas of prolonged native shrub 
and forb cover should also be expected in some cases (Odion et al., 
2010). Multi-decadal delays in tree regeneration after fire and type 
conversion to shrublands or grasslands characterized historical dry 
forest landscapes (Baker, 2018). Thus, areas with relatively low den-
sities of conifers and/or increased non-conifer cover should be main-
tained for their contribution to both spatial and temporal heterogeneity 
at multiple spatio-temporal scales (Swanson et al., 2011; Hanson, 2018), 
nutrient cycling by typically abundant native N-fixing shrubs (Johnson 
and Curtis, 2001), and resilience to future climatic changes and distur-
bances (Baker, 2018; Busby et al., 2020). Despite concern over short 
intervals between high severity fires, few studies have analyzed whether 
type conversion is occurring at ecologically, spatially, and temporally 
meaningful scales or outside historical rates under these circumstances; 
although, it is anticipated in places due to climate change. Moreover, 
natural abundant conifer regeneration was even documented in areas 
that experienced only a 15-year high severity fire interval (Donato et al., 
2009b). 


2.5. Long-unburned forests do not necessarily burn more severely 


Hessburg et al. (2021), Prichard et al. (2021), and Hagmann et al. 
(2021) all assume that long-unburned forests will burn much more 
severely due to higher forest density and forest biomass, and therefore 
recommend widespread thinning to address forest density in many for-
ests before prescribed fire or managed wildfire. However, long- 
unburned forests may in fact experience lower fire severity effects 
such as in the Klamath (e.g., Odion et al., 2010) and Sierra (van Wag-
tendonk et al., 2012) regions. Some studies indicate that prescribed fire 
alone can lower fire intensity in Australia and USA forests (Fernandes, 
2015), the southwest (e.g., van Mantgem et al., 2013), and central Sierra 
Nevada regions (Knapp et al., 2017). 


3. Do dead trees contribute to wildfire risks and carbon 
emissions? 


Simply put, trees die, forests burn, and these are natural processes 
that are increasing in places due to climate change (Keyser and West-
erling, 2017). For some, this raises concerns about reburn potential 
(Hessburg et al., 2021). Importantly, dead trees either singularly or in 
patches act as critically important “biological legacies,” transferring 
their ecological functions (structure, habitat) and carbon from the pre- 
to post-disturbed forest (DellaSala, 2020) and providing microclimate 
conditions (shading) to reduce climate impacts (Kauffman et al., 2019). 
In contrast, most commercial forestry practices remove legacies, in-
crease heat exposure of regenerating forests, and transfer much of the 
stored carbon to the atmosphere, declaring instead that burned forests 
are “unhealthy,” such as the “healthy forest” initiatives of the USFS. 


3.1. Tree mortality is varied but typically highest in young forests 


While background tree mortality rates in old forests have been 
climbing in places (van Mantgem et al., 2009), young trees often have 
higher mortality particularly in the early stages of forest succession due 
to dense packing of small trees and competition for limited resources 
(Larson and Franklin, 2010). For instance, in mature Douglas-fir forests 
of the Pacific Northwest annual mortality rates averaged ≤1% compared 
to more than twice that in 45 to 80-year-old stands, with some young 
stands exceeding 5% (Lutz and Halpern, 2006). Stanke et al. (2021) 
reported rates of tree species declines were highest in subalpine conifers 
and much higher in the smallest size classes compared to large Douglas- 
fir and ponderosa pine during the last two decades in western forests. 
Additionally, giant sequoia had annual mortality rates of 0.3% in 1100- 
year-old stands (Lutz and Halpern, 2006). In general, tree mortality 
mostly has been concentrated in forests subject to unprecedented 
droughts, climate-related increases in overwintering beetles (Harvey 
et al., 2016), and in forests subject to temperature stress (Stanke et al., 
2021). Although thinning can reduce tree competition for limited re-
sources in drought conditions, it can also increase overall tree mortality 
(Six et al., 2014; Hanson, in press), and it comes at the expense of carbon 
emissions with limited efficacy in containing insect outbreaks that are 
increasingly influenced by an overheating climate reducing over-
wintering insect mortality (Black et al., 2013). Depending on logging 
intensity, pre- and post-disturbance logging can compound natural dis-
turbances that then limit the capacity of forests to regenerate (Paine 
et al., 1998; Donato et al., 2006; Black et al., 2013). 


3.2. Snags are more than fuels 


One way to examine potential fire hazards from large dead tree 
recruitment pulses is in snag forests where fire concerns have been 
especially prevalent but biodiversity is exceptional (Swanson et al., 
2011; DellaSala and Hanson, 2015). In the San Bernardino Mountains of 
California, for instance, researchers found pre-fire beetle kill forests 
were unrelated to subsequent fire severity and that the locations 
dominated by the largest trees (>60 cm dbh) burned in lower fire se-
verities compared to smaller (28–60 cm dbh) trees that burned more 
severely (Bond et al., 2009). In the Greater Yellowstone Ecosystem, 
beetle-killed snag forests had lower canopy and surface fuels, repre-
senting reduced fire potential in outbreak stands (Donato et al., 2013). 
The net effect was to shift stand structures from closed canopy mesic 
forests toward more open conditions with lower canopy fuels. In other 
words, the insects did the work for free that foresters would like to see 
happen and with far less-damaging consequences to ecosystem integrity. 
Additionally, researchers found no increase in fire severity during the 
red (1–3 years post outbreak) or subsequent gray-needle stage (4–14 
years post outbreak) in peak wildfire activity years (Hart et al., 2015) 
while others have further demonstrated that fire severity in post- 
outbreak forests is driven primarily by weather and topography 
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(Harvey et al., 2016). In a comprehensive review of western forests, 
insect outbreaks actually decreased live vegetation susceptible to wild-
fire by reducing subsequent burn severity (Meigs et al., 2016). Conse-
quently, Black et al. (2013) and Meigs et al. (2016) recommended a 
precautionary approach in forest management intended to reduce 
wildfire hazard and increase adaptation to climate change. Importantly, 
surviving young trees in dry pine, mixed conifer forests of western USA 
may possess genetic adaptations that confer unique adaptations and 
resilience (Baker and Williams, 2015). However, silviculturists have no 
way of identifying these trees in the field or in their marking guidelines 
(Six et al., 2018). Notably, Six et al. (2014) concluded that weakening 
environmental laws to allow more logging for beetle control is a mal-
adaptive strategy because of uncertainties in efficacy of the treatments, 
high financial costs, impacts to other values, and the possibility that in 
the long-run logging may interfere with adaptive resilience to climate 
change. 


3.3. Large dead trees are not a major source of fire emissions 


Most fires, even the largest and most severe ones, consume only the 
needles, leaves, twigs, duff, outer bark surface, and ground foliage, 
which is a small portion of the overall combustible materials in a forest 
(Mitchell, 2015). Highest combustion factors measured post-fire are 
mostly in small trees due to their relative fire susceptibility (Mitchell, 
2015; Harmon et al., in press). 


Regarding climate concerns, logging over vast areas to potentially 
mitigate wildfire effects comes with a substantial emissions costs often 
grossly underestimated by land managers and some researchers (e.g., 
Johnston et al., 2021). For instance, Campbell et al. (2012) documented 
in western USA forests high C losses associated with vegetation treat-
ments to lower fire intensity, only modest differences in the combustive 
losses associated with high- and low-severity fire that treatments were 
meant to encourage, and a low likelihood that treated forests would 
even encounter fire. In general, in order to improve the odds of fire 
encountering a treated area, ten times more area than the specific site 
would be needed, which means even more treatment related emissions 
and co-lateral damages can be expected. Likewise, in a synthesis of 
emissions estimated from natural disturbances vs. logging, Harris et al. 
(2016) concluded that logging during 2006–2010 nationwide released 
up to 10 x more emissions than wildfire and insects combined. Thus, 
putting more carbon dioxide into the atmosphere in attempts to limit fire 
effects may create a dangerous feedback loop (or “landscape trap,” 
Lindenmayer et al., 2011) such that logging produces emissions (Harris 
et al., 2016) that then contribute to climate-related increases in extreme- 
fire weather and the Sisphean response. 


4. Is thinning needed to protect large trees from wildfire? 


4.1. Large trees are often removed in logging operations 


MFAMA advocates claim that “fuel reduction” is mainly about the 
removal of small trees and shrubs (Hessburg et al., 2021) but most often 
in practice such logging typically removes large live and dead trees (e.g., 
calls to lift the large-tree protection standards in Oregon and Washing-
ton, Johnston et al., 2021) along with substantial shrub mastication that 
is functionally equivalent to clearcutting the forest understory. Reasons 
given by land managers vary including the safety of fire fighters and 
others working in forests to even the “protection” and regeneration of 
large trees (diameters seldom specified). In practice, these activities 
have substantial negative consequences to fire-adapted forests, 
including remote areas and reserves (Fig. 3). For instance, tree marking 
guidelines often include large fire-resistant trees to pay for timber sales 
designed as “fuels reduction” (Fig. 3). Additionally, the USFS claimed 
that a massive post-fire logging project in the Biscuit burn area (USDA 
Forest Service, 2003), including within Inventoried Roadless Areas and 
Late-Successional Reserves, was needed to “restore” old forest charac-
teristics and reduce “fuels” despite evidence to the contrary (Donato 
et al., 2006). 


In many cases, forests are so heavily thinned that they are type 
converted to weed-infested woodlands or savannahs that look nothing 
like the original forest (Fig. 4). Often these approaches are justified by 
land managers operating through multi-stakeholder “collaboratives” 
supported by even some conservation groups (e.g., The Nature Conser-
vancy) that emphasize aggressive “fuel reduction” and “landscape 
restoration” despite scientific and public controversy over minimal re-
view or safeguards. 


5. Do actively managed areas burn at lower severity? 


5.1. Common fire severity classification methods underestimate high 
severity extent in thinned areas 


One of the primary justifications for thinning projects on federal 
lands is the assumption that such activities will reduce subsequent fire 
severity and the prevalence of active crown fire. Studies that have re-
ported a reduction in fire severity in areas that were thinned prior to 
wildfire (e.g., Shive et al., 2013, Kennedy and Johnson, 2014) have 
typically used the delta normalized burn ratio (dNBR) and relativized 
dNBR (RdNBR), which are based on discriminating among certain 
spectral bands of pre- and post-fire 30-m resolution Landsat images (Key 
and Benson, 2005). While RdNBR has been shown to more accurately 
classify fire severity in sparsely vegetated areas compared to dNBR 


Fig. 3. (A) Nedsbar Timber Sale Medford District BLM Applegate Watershed (for “fuel reduction”) showing “take tree” markings. (B) Postfire logging on Takilma 
Happy Camp Road in response to the Slater fire, Rogue River-Siskiyou National Forest. These trees were regarded as fire hazards. Photos: L. Ruediger. 


D.A. DellaSala et al.                                                                                                                                                                                                                           







%LRORJLFDO &RQVHUYDWLRQ ��� ������ ������


�


(Miller and Thode, 2007), many studies over the last decade have 
continued to use dNBR to assess fire severity in thinned areas to deter-
mine efficacy in altering crown fire occurrence. Moreover, the question 
of whether dNBR or RdNBR accurately estimates fire severity—partic-
ularly high severity—in thinned compared to unthinned areas has not 
been sufficiently addressed. Thus, there is reason for concern that high- 
severity fire is substantially underestimated in thinned areas (Online 
supplemental materials, Fig. S1, Table S1). Moreover, we note that ar-
ticles reporting localized fire-severity reductions from thinning (e.g., 
Hessburg et al., 2021) do not account for tree mortality from thinning 
itself, before wildfire occurs, which is substantial oversight in assessing 
treatment effect (Hanson in press). 


5.2. Uncertainties in “fuels reduction” efficacy are often ignored in 
practice 


Prichard et al. (2021) state that “[t]here is little doubt that fuel 
reduction treatments can be effective at reducing fire severity…” Yet 
these authors repeatedly express cautions regarding their own proposi-
tion. For example, they acknowledge that thinning can cause “higher 
surface fuel loads,” which “can contribute to high-intensity surface fires 
and elevated levels of associated tree mortality,” and mastication of such 
surface fuels “can cause deep soil heating” and “elevated fire in-
tensities.” Prichard et al. (2021) also acknowledge that thinning “can 
lead to increased surface wind speed and fuel heating, which allows for 
increased rates of fire spread in thinned forests,” and even the combi-
nation of thinning and prescribed fire “may increase the risk of fire by 
increasing sunlight exposure to the forest floor, drying vegetation, 
promoting understory growth, and increasing wind speeds.” We have 
repeatedly reported on these same limitations yet claims are made that 
the science is all but settled and those questioning it have an agenda 
(Hessburg et al., 2021). 


Further, the studies relied upon by Prichard et al. (2021) do little to 
dispel doubt regarding the effectiveness of MFAMA in moderating fire 
effects. For instance, pre-fire logged sites in the Rim fire of 2013 in the 
Sierra Nevada under a “fuel reduction” approach actually experienced 
predominantly high-severity fire effects during the fire (Povak et al., 
2020: Figs. 1 and 2d). The most the authors could assert was that “some” 
of the fuel-reduction units experienced low-severity fire. In an analysis 
of the 2014 Carlton Complex fire in ponderosa pine forests of the eastern 
Cascades of Washington, Prichard et al. (2020) reported that thinning 
plus pile burning had the highest fire severity of any category, and fire 
severity was approximately the same for thinning plus prescribed 
burning as for re-burning of previous wildfire areas (Prichard et al., 
2020: Fig. 3). In light of this, would it not be more prudent to conclude 
that managing natural wildfire ignition is the most effective approach, 
especially given that a substantial (but undisclosed) portion of the trees 
in the thinned units were killed by loggers, and the carbon removed from 
the ecosystem by thinning prior to the Carlton Complex fire? A similar 
question is raised by the results of Yocum Kent et al. (2015) regarding 
the 2002 Rodeo-Chediski fire in Arizona. In addition to an apparent 
discrepancy between the fire severity map (showing much higher fire 
severity) and the plot data used for the analysis of thinning plus pre-
scribed fire (Yocum Kent et al., 2015: Figs. 1 and 2), the authors reported 
that unmanaged forests with wildfire alone had 22% more live tree 
carbon and 40% more total aboveground carbon than forests with 
thinning plus prescribed fire that later burned in the Rodeo-Chediski fire 
(Yocum Kent et al., 2015: Table 2). In the example of the Wallow fire of 
2011 in Arizona, which was referenced by Prichard et al. (2021), the 
amount of high-severity fire reported in thinning units (Kennedy and 
Johnson, 2014; Johnson and Kennedy, 2019) was dramatically under-
estimated (Online supplemental). Thus, there is indeed evidence that 
thinning is not full proof (also see Dixie Fire example, Figs. S2-S3), can 
be unnecessary, and counter-productive as a landscape fire management 


Fig. 4. (A) Older mixed conifer forest in the Santa Fe watershed, New Mexico. (B) Heavy thinning just upslope of (A) ostensibly to reduce flame heights. (C) 
Southwest Jemez Mountains “Landscape Restoration Project” approved by collaboratives on the Santa Fe National Forest. Photos: D. DellaSala. 
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tool especially when fires are driven largely by extreme-fire weather that 
is increasing across the West due to climate change (Abatzoglou and 
Williams, 2016). 


6. Is the precautionary principle constraining active 
management? 


6.1. The precautionary principle is needed as a check on damages from 
MFAMA 


Hessburg et al. (2021) claim that the precautionary principle has 
become “the paralyzing principle” and a ploy of “agenda-driven sci-
ence,” despite millions of hectares logged and burned on federal lands at 
a cost of billions of dollars and often with minimal environmental review 
(e.g., under Categorical Exclusions, see below). Notably, the precau-
tionary principle arose out of concerns to address risky regulatory de-
cisions affecting ecological and human health (Whittaker and Goldman, 
2021). It has its origins in the Stockholm Declaration of the 1970s that 
laid the groundwork for its establishment in international law, gained 
traction at the 1992 Earth Summit, has been used by governments in 
environmental and human health for decades (e.g., Canada, Denmark, 
Sweden, Germany, USA Endangered Species Act), is inculcated in United 
Nations sustainable development policies (e.g., Principle 7 UN Global 
Compact; https://www.unglobalcompact.org/what-is-gc/mission/prin 
ciples/principle-7, accessed November 22, 2021), and is supported by 
thousands of scientists concerned about the ethics of the planetary 
biodiversity and climate crises (Ripple et al., 2021). By contrast, oppo-
sition to the precautionary principle has a long history of pro- 
development interests (Whittaker and Goldman, 2021) so it is no sur-
prise that MFAMA advocates (Hessburg, Prichard, Hagmann) are joining 
these ranks by adding the highly subjective and indefensible tag of 
“agenda science” to those that raise science-based concerns about nature 
subjugation inherent in MFAMA and widespread command-and-control 
tactics. 


Kriebel et al. (2001) cite four fundamental components of the pre-
cautionary principle: (1) take preventive action in the face of uncer-
tainty; (2) shift the burden of proof to the proponents; (3) explore a 
range of alternatives instead of harmful actions; and (4) increase public 
participation in decision making (also see Whittaker and Goldman, 
2021). However, the USFS and the BLM routinely bypass the burden of 
proof standard in NEPA via widespread use of CEs and emergency 
timber sale authorities that are designed to expedite large-scale logging 
with minimal review; limit legitimate appeals from citizen scientists and 
the public concerned about overreach; constrain the range of alterna-
tives otherwise required under NEPA to just the no-action vs a single 
proposed action; and shift analysis from comprehensive impact state-
ments to general environmental assessments (a lower analysis and 
burden of proof standard). In doing so, the burden of proof is inappro-
priately shifted by proponents of impactful actions to those that raise 
legitimate concerns. 


As an example, the BLM routinely excludes from extensive review 
“salvaging dead and dying trees resulting from fire, insects, disease, 
drought, or other disturbances” in logging units not to exceed 400 ha or 
≤1200 ha for a total project area (https://www.doi.gov/sites/doi.gov/ 
files/uploads/doi_and_bureau_categorical_exclusions.pdf, accessed 
August 24, 2021). Likewise, the USFS has been using roadside “hazard” 
tree sales as a proxy for large-scale unit-based, post-fire “salvage” log-
ging without the required NEPA process. For example, during the 2021 
Slater Fire on the Rogue River-Siskiyou and Klamath National Forests in 
southwest Oregon and northwest California both national forests 
approved “emergency” logging authorizations to conduct “roadside 
hazard tree removal” over vast areas with minimal review. Additionally, 
supported in court by the timber industry, the USFS on the Willamette 
National Forest, Oregon, proposed cutting “a large number of trees” with 
a “low likelihood of failure within five years” along 640 km of roads, 
claiming it was needed for “post-fire road repair” and did not require 


environmental review. The project was so egregious it was deemed 
illegal by a federal judge (https://www.opb.org/article/2021/11 
/05/roadside-logging-willamette-national-forest/; accessed November 
22, 2021). 


The Rogue River-Siskiyou National Forest authorized removal of 
~11,800 cubic meters of timber volume utilizing wet weather, ground 
based logging on ~5 km of roads at a popular snow park formerly 
supporting old-growth forest. Nearly a year later, the Klamath National 
Forest refused to declare containment of the fully extinguished Slater 
Fire and instead utilized emergency fire authorizations to approve 240 
km of roadside hazard logging. Implemented with services performed by 
contractors, rather than officially authorized timber sales, trees were 
sold as “deck sales” with no public oversight, no NEPA review, and few if 
any available legal remedies. Utilizing a CE normally intended specif-
ically for minimal road maintenance and repair actions, the Rogue 
River-Siskiyou National Forest also approved 232 km of “roadside haz-
ard logging” authorizing removal of trees “likely to fall” up to 60-m on 
either side of the road. Tree removal criteria identified no diameter limit 
and allowed both live or “green” tree logging and removal of all snags. 
The CEs also included 136 km of roadside timber removal on ~1643 ha 
within Late-Successional Reserves, Riparian Reserves, Special Wildlife 
Sites and Northern Spotted Owl nesting cores. 


Calls to do away with the precautionary principle have included 
proposed elimination of Late-Successional Reserves in dry pine, mixed 
conifer forests where fire is frequent under the NWFP (Spies et al., 
2018), weakening of the Endangered Species Act and other laws (Mealey 
et al., 2005), and logging in Northern Spotted Owl critical habitat on the 
Rogue Siskiyou National Forest out of misplaced fire concerns and with 
the support of organizations like The Nature Conservancy (see Odion 
et al., 2014b). All the time, the ad hominem attacks about “agenda- 
driven” science that we believe do not pass the bar for scientific 
discourse have escalated (Hessburg et al., 2021, statements made in the 
media by Prichard https://www.google.com/search?q=huffington+pos 
t+dellasala&oq=huffing&aqs=chrome.2.69i57j0i131i433i512j69i59j0 
i512j0i131i433i512l2j0i512j69i61.4542j0j4&sourceid=chrome&ie 
=UTF-8; accessed November 22, 2021). Such red-herring arguments 
about presumed agendas deflect from acceptance of comprehensive 
evidence reviews needed to minimize harmful actions, particularly 
when those criticizing conservation scientists have called for stepped-up 
“fuel” reduction (Hessburg et al., 2021; Prichard et al., 2021; Hagmann 
et al., 2021; Johnston et al., 2021) that most often requires massive 
commercial logging and federal subsidizes that benefit timber com-
panies. Given that the planetary climate and biodiversity crises have 
been contributed to, in part, a complete lack of adherence to the pre-
cautionary principle, scientists can and should ask for comprehensive 
evidence reviews that legitimately (following the scientific method) 
question MFAMA and seek to limit its damages. To do otherwise is to be 
complicit (DellaSala, 2021). 


7. Did Native American burning and mixed-severity wildfire 
coexist? 


7.1. Native American cultural burning and mixed-severity wildfires both 
occurred historically 


With increased attention regarding the potential use of prescribed 
fire in many areas across the western USA, cultural burning conducted 
by Native Americans, particularly pre-Euro-American colonization, has 
been cited as a reason for a lack of megafires and significant amounts of 
high severity fire during that period (Prichard et al., 2021). Re-
constructions of fire history that promote this view have generally relied 
on tree ring and fire-scar analysis that can underestimate past high 
severity fire, fire rotation, and occurrence of large fires (Baker, 2017). 
Using charcoal deposits in lake sediments in Yosemite National Park, 
California, researchers were able to estimate local and regional fire 
extent over the last 1400 years. Their results indicated that burning by 
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Native Americans decoupled the fire-climate relationship at small, 
localized scales (e.g., nearest villages, game, and travel routes) while 
regional burning patterns were more subject to the top-down control of 
climatic factors (Vachula et al., 2019). It is likely that cultural burning 
co-existed with mixed-severity fire—one did not preclude the oth-
er—and both have been subject to suppression over the last several 
decades and barriers to both should be reduced. 


8. Redefining active management approaches 


By some accounts, we have entered the Anthropocene, a time of 
human-dominated command-and-control subjugation of nature from 
apex predators to keystone ecosystem processes and the dangerous 
transfer of carbon long buried in the Earth and stored in forests to the 
atmosphere. This comes with substantial and often underestimated costs 
along with devaluation of nature as commodities to be extracted and 
turned into 2x4s, “feed-stock,” and “fuels” to be removed at all costs. 
Past single-minded extensive active management aimed at putting out 
all fires and logging the large, fire-resistant and carbon-dense trees to 
make fast-growing timber plantations have proven highly consequential 
to biodiversity and the climate. These impacts took decades to realize, 
were long resisted by land managers and researchers funded by them, 
and were only partially mitigated by our nation's environmental laws 
and policies that adhere to the foundational elements of the precau-
tionary principle. Many of those laws are still being questioned and 
weakened such as through sweeping use of CEs at the same time MFAMA 
advocates falsely claim paralysis from too much precaution. We believe 
the risks of contemporary MFAMA are likewise being grossly under-
estimated, the benefits greatly exaggerated, and calls to do away with 
precautionary science-based principles to usher in massive increases in 
MFAMA activities (Hessburg et al., 2021; Prichard et al., 2021; Hag-
mann et al., 2021) are troubling signs that will only intensify both the 
biodiversity and climate crises. Simply put, we no longer have the luxury 
of decades to fully understand such leap-before-you look, highly- 
consequential approaches. Treating wildfires using bottom-up fuels 
reduction approaches when top-down extreme climate factors are 
increasingly overriding such efforts (Abatzoglou and Williams, 2016) 
could push ecosystems beyond resilience thresholds (Paine et al., 1998, 
Lindenmayer et al., 2011) at the further expense of biodiversity and the 
climate. 


We believe there is a more holistic way that strives for coexistence 
among humans, nature, and wildfires (Moritz et al., 2014; DellaSala and 
Hanson, 2015; Schoennagel et al., 2017). This means first and foremost 
addressing root causes of the wildfire problem by getting off of fossil fuels 
and cutting emissions from the land-use sector. Our view on the climate 
and biodiversity crises is supported by thousands of scientists having an 
evidence-based, noble “agenda” of saving humanity and nature from 
imminent collapse (Ripple et al., 2021). Doing so, means placing much 
needed restrictive bounds on MFAMA to properly mitigate impacts rather 
than down playing them as a paralysis of management and attacking 
those that raise the alarm of precaution. It means judiciously choosing 
management alternatives that limit emissions from logging, allowing 
careful examination of impacts by the public and citizen scientists rather 
than sweeping use of CEs, and reforming industrial forestry practices that 
contribute to uncharacteristically severe fires in the first place (Zald and 
Dunn, 2018). And we note that while we focused on the western USA, 
similar concerns are mounting in forests globally, exemplified in British 
Columbia (Wood, 2021) and Australia (Lindenmayer et al., 2020) where 
large-scale clearcutting and timber plantations are contributing to un-
precedented fires and misdirected calls for more of the same management 
(https://www.focusonvictoria.ca/forests/90/; accessed August 12, 
2021). At the same time massive fire suppression has produced ques-
tionable benefits at considerable costs (see https://thehill.com/policy/e 
quilibrium-sustainability/569797-attacking-fires-by-air-often-does-no- 
good-expert-says, accessed September 1, 2021). 


Additionally, we must address the reoccurring urban fire disasters by 


redirecting MFAMA money to wildfire community adaptation around 
homes. This will require focusing from the home-outward rather than 
the wildlands-inward by hardening homes and defensible space, along 
with safe evacuation routes and assistance, and addressing ingress/ 
egress concerns (Schoennagel et al., 2017). Despite assumptions that 
actively managing vast areas of wildlands will lower home losses 
(Hessburg et al., 2021), empirical evidence indicates a narrow zone 
around the structures themselves is the best way to prevent urban ca-
tastrophes (Cohen, 2000; Syphard et al., 2014); vegetation management 
beyond 30 m from homes provides no additional benefit (Syphard et al., 
2014). Examples across the West show where unprepared homes burned 
to the ground, while surrounding trees did not (see https://www.latimes 
.com/local/california/la-me-camp-fire-lessons-20181120-story.html, 
accessed September 1, 2021, and https://www.oregonlive.com/wildfire 
s/2020/10/opal-creek-burned-badly-by-wildfires-jawbone-flats-almost- 
completely-destroyed.html; accessed November 22, 2021). We must 
also improve land use zoning by avoiding additional ex-urban sprawl 
into dangerous areas where millions of homes have been built and more 
building is underway. 


Given the extensive and expansive damage already inflicted by 
widespread wildfire suppression often acting in concert with MFAMA, 
and the certain climatic changes ahead from dumping even more 
emissions into the atmosphere from trying to contain fires, it is prudent 
to scale up ecologically based restoration that includes both active and 
passive methods that specifically address the root causes of the biodi-
versity and climate crises rather than purely the effects (e.g., more fires). 
We suggest focusing primarily on process-oriented restoration (Baker 
et al. in review) and the reduction of land-use stressors that make eco-
systems less resilient, including prohibitions on logging and road 
building with clear and enforceable standards around “large tree pro-
tections;” managing for ecosystem integrity including landscape con-
nectivity (up-down elevation and latitudinal corridors), protection of 
climate and wildfire refugia and structurally complex early seral forests 
(DellaSala and Hanson, 2015); recovering endangered species, particu-
larly apex predators; and preventing invasive species invasions and 
ecosystem type conversions from overzealous thinning projects (Della-
Sala et al., 2017). It also means upgrading culverts to handle increasing 
storm intensity, obliterating sediment producing roads for aquatic 
integrity and connectivity, and the appropriate use of prescribed fire 
(human and natural ignition), including in collaboration with Indige-
nous people and proper smoke management. It also means limiting 
unintended human-caused fire ignitions (i.e., seasonally closing and 
decommissioning some roads) that have contributed substantially to 
national increases in wildfires (Balch et al., 2017) that are almost never 
considered in “fuels centric” approaches. Above all, it means shifting 
management and consumption patterns to keep much more carbon in 
our forests and to mitigate the climate crisis (Griscom, 2017, Moomaw 
et al., 2019). 


Under this improved approach, land managers would work with 
individual wildfires (or fire complexes) for ecosystem benefits whenever 
safely possible, and when necessary for public safety, utilizing a full 
suppression approach. By focusing immediately on aggressively pro-
tecting, preparing and defending communities both before and during 
fire season, fire managers can more effectively protect the built envi-
ronment and public safety by redirecting fire into places that would 
benefit ecologically and away from those that will not. This means 
monitoring fires in remote areas, loose herding, confinement, and full 
suppression strategies where necessary (to save lives and towns), and 
the utilization of Minimum Impact Suppression Tactics (MIST) (Ingals-
bee, 2014), the minimization of fireline and other related impacts, and 
the appropriate use and monitoring of backburning strategies (DellaSala 
et al., 2017). Doing away with precautionary measures in a climate and 
biodiversity planetary crisis is irresponsible and we suggest that man-
agers adhere to the principles by upholding the burden of proof stan-
dard. To do otherwise, perpetuates the Sisyphean myth of doing more of 
the same regardless of efficacy problems and substantial consequences. 
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That view only move us further away from safely and responsibly getting 
to coexistence with natural forces like wildfires that are instead sub-
jected to command-and-control hubris. 


CRediT authorship contribution statement 


Dominick DellaSala (conceptualization, funding acquisition, lead 
writing), Bryant Baker (writing, graphics, tables, data, online supple-
mental, GIS), Chad Hanson (data, writing, online supplemental), Luke 
Ruediger (field work, photos, writing), and William Baker (writing and 
supporting research). 


We thank the reviewers and editors for improvements to earlier 
drafts. 


Declaration of competing interest 


This paper was supported by funds from Wilburforce, Weeden, and 
Environment Now foundations that had no influence on any content or 
viewpoints expressed herein. The authors declare no competing in-
terests, including no funds were obtained from any entity with a 
financial or motivational interest in the outcome. This original work has 
not been published elsewhere. 


Appendix A. Supplementary data 


Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.biocon.2022.109499. 


References 


Abatzoglou, J.T., Williams, A.P., 2016. Impact of anthropogenic climate change on 
wildfire across western US forests. Proc. Natl. Acad. Sci. 113, 11770–11775. https:// 
doi.org/10.1073/pnas.1607171113. 


Backer, D.M., Jensen, S.E., McPherson, G.R., 2004. Impacts of fire-suppression activities 
on natural communities. Conserv. Biol. 18, 937–946. https://doi.org/10.1111/ 
j.1523-1739.2004.4941.x. 


Balch, J.K., Bradley, B.A., Abatzoglou, J.T., Nagy, R.C., Fusco, E.J., Mahood, A.L., 2017. 
Human-started wildfires expand the fire niche across the United States. PNAS. 
https://www.pnas.org/content/114/11/2946. 


Baker, W.L., 2015. Are high-severity fires burning at much higher rates recently than 
historically in dry-forest landscapes of the western USA? PLoS One 10, e0136147. 
https://doi.org/10.1371/journal.pone.0136147. 


Baker, W.L., Williams, M.A., 2015. Be-hedging dry-forest resiience to climate change 
threats in the western USA based on historical forest structure. Frontiers in Ecology 
and Evolution. https://doi.org/10.2289/fevo.,2014.00088. 


Baker, W.L., 2017. Restoring and managing low-severity fire in dry-forest landscapes of 
the western USA. PLoS One 12, e0172288. https://doi.org/10.1371/journal. 
pone.0172288. 


Baker, W.L., 2018. Transitioning western U.S. Dry forests to limited committed warming 
with bet-hedging and natural disturbances. Ecosphere 9, e02288. https://doi.org/ 
10.1002/ecs2.2288. 


Baker, B.C., Halsey, R.W., 2020. California chaparral and woodlands. In: Reference 
Module in Earth Systems and Environmental Sciences, pp. 1–12. https://doi.org/ 
10.1016/B978-0-12-821139-7.00013-1. 


Baker, W.L., 2021. Restoration of forest resilience to fire from old trees is possible across 
a large Colorado dry-forest landscape by 2060, but only under the Paris 1.5◦C goal. 
Glob. Chang. Biol. 27, 4074–4095. https://doi.org/10.1111/gcb.15714. 


Beschta, R.L., Donahue, D.L., DellaSala, D.A., Rhodes, J.J., Karr, J.R., O’Brien, M.H., 
Fleischner, T.L., Williams, C.D., 2013. Adapting to climate change on western public 
lands: addressing the impacts of domestic, wild and feral ungulates. Environ. Manag. 
51, 474–491. https://doi.org/10.1007/s00267-012-9964-9. 


Black, S.H., Kulakowski, D., Noon, B.R., DellaSala, D.A., 2013. Do bark beetle outbreaks 
increase wildfire risks in the central U.S. Rocky Mountains: implications from recent 
research. Nat. Areas J. 33, 59–65. https://doi.org/10.3375/043.033.0107. 


Bond, M.L., Lee, D.E., Bradley, C.M., Hanson, C.T., 2009. Influence of pre-fire tree 
mortality on fire severity in conifer forests of the San Bernardino Mountains, 
California. Open For. Sci. J. 2, 41–47. 


Bradford, J.B., Fraver, S., Milo, A.M., D’Amato, A.W., Palik, B., Shinneman, D.J., 2012. 
Effects of multiple interacting disturbances and salvage logging on forest carbon 
stocks. For. Ecol. Manag. 267, 209–214. https://doi.org/10.1016/j. 
foreco.2011.12.010. 


Bradley, C.M., Hanson, C.T., DellaSala, D.A., 2016. Does increased forest protection 
correspond to higher fire severity in frequent-fire forests of the western United 
States? Ecosphere 7, 1–13. https://doi.org/10.1002/ecs2.1492. 


Busby, S.U., Moffett, K.B., Holz, A., 2020. High-severity and short-interval wildfires limit 
forest recovery in the Central Cascade Range. Ecosphere 11, e03247. https://doi. 
org/10.1002/ecs2.3247. 


Calhoun, K.L., Chapman, M., Tubbesing, C., McInturff, A., Gaynor, K.M., Scoyoc, A.V., 
Wilkinson, C.E., Parker-Shames, P., Kurz, D., Brashares, J., 2021. Spatial overlap of 
wildfire and biodiversity in California highlights gap in non-conifer fire research and 
management. Divers. Distrib. https://doi.org/10.1111/ddi.13394. 


Campbell, J.L., Harmon, M.E., Mitchell, S.R., 2012. Can fuel-reduction treatments really 
increase forest carbon storage in the western US by reducing future fire emissions? 
Front. Ecol. Environ. 10, 83–90. https://doi.org/10.1890/110057. 


Cohen, J., 2000. Preventing disaster: home ignitability in the wildland-urban interface. 
J. For. 98, 15–21. https://doi.org/10.1093/jof/98.3.15. 


DellaSala, D.A., Anthony, R.G., Bond, M.L., Fernandez, E.S., Frissell, C.A., Hanson, C.T., 
Spivak, R., 2013. Alternative views of a restoration framework for federal forests in 
the Pacific northwest. J. For. 111, 402–492. 


DellaSala, D.A., Hanson, C.T. (Eds.), 2015. The Ecological Importance of Mixed Severity 
Fires: Nature’s Phoenix. Elsevier, Boston.  


DellaSala, D.A., Hutto, R.L., Hanson, C.T., Bond, M.L., Ingalsbee, T., Odion, D., Baker, W. 
L., 2017. Accommodating mixed-severity fire to restore and maintain ecosystem 
integrity with a focus on the Sierra Nevada of California, USA. Fire Ecol. 13, 
148–171. https://doi.org/10.4996/fireecology.130248173. 


DellaSala, D.A., Hanson, C.T., 2019. Are wildland fires increasing large patches of 
complex early seral forest habitat? Diversity 11, 157. https://doi.org/10.3390/ 
d11090157. 


DellaSala, D.A., 2020. Fire-mediated biological legacies in dry forested ecosystems of the 
Pacific northwest, USA. In: Beaver, E.A., Prange, S., DellaSala, D.A. (Eds.), 
Disturbance Ecology and Biological Diversity. CRC Press Taylor and Francis Group, 
LLC, Boca Raton, pp. 38–85. 


DellaSala, D.A. (Ed.), 2021. Conservation Science and Advocacy for a Planet in Peril: 
Speaking Truth to Power. Elsevier, Boston.  


Donato, D.C., Fontaine, J.B., Campbell, J.L., Robinson, W.D., Kauffman, J.B., Law, B.E., 
2006. Post-wildfire logging hinders regeneration and increases fire risks. Science 
311, 352. https://doi.org/10.1126/science.1122855. 


Donato, D.C., Fontaine, J.B., Robinson, W.D., Kauffman, J.B., Law, B.E., 2009a. 
Vegetation response to a short interval between high-severity wildfires in a mixed- 
evergreen forest. J. Ecol. 97, 142–154. https://doi.org/10.1111/j.1365- 
2745.2008.01456.x. 


Donato, D.C., Fontaine, J.B., Campbell, J.L., Robinson, W.D., Kauffman, J.B., Law, B.E., 
2009b. Conifer regeneration in stand-replacement portions of a large mixed-severity 
wildfire in the Klamath-Siskiyou Mountains. Can. J. For. Res. 39, 823–838. https:// 
doi.org/10.1139/X09-016. 


Donato, D.C., Campbell, J.L., Franklin, J.F., 2012. Multiple successional pathways and 
precocity in forest development: can some forests be born complex? J. Veg. Sci. 23, 
576–584. https://doi.org/10.1111/j.1654-1103.2011.01362.x. 


Donato, D.C., Harvey, B.J., Romme, W.H., Simard, M., Turner, M.G., 2013. Bark beetle 
effects on fuel profiles across a range of stand structures in Douglas-fir forests of 
greater yellowstone. Ecol. Appl. 23, 3–20. https://doi.org/10.1890/12-0772.1. 


Fernandes, P.M., 2015. Empirical support for the use of prescribed burning as fuel 
treatment. Curr. Forest. Rep. 1, 118–127. 


Galbraith, S.M., Cane, J.H., Moldenke, A.R., Rivers, J.W., 2019. Wild bee diversity 
increases with local fire severity in a fire-prone landscape. Ecosphere 10, e02668. 
https://doi.org/10.1002/ecs2.2668. 


Griscom, B.W., 2017. Natural climate solutions. Proc. Natl. Acad. Sci. 114, 
11645–11650. https://doi.org/10.1073/pnas.1710465114. 


Hagmann, R., Hessburg, P.F., Prichard, S.J., Povak, N.A., Sanchez Meador, A.J., 
Stevens, J.T., Battaglia, M.A., Krawchuk, M.A., Levine, C.R., 2021. Evidence for 
widespread changes in the structure, composition, and fire regimes of western north 
American forests. Ecol. Appl., e02431 https://doi.org/10.1002/eap.2431. 


Haire, S.L., McGarigal, K., 2010. Effects of landscape patterns of fire severity on 
regenerating ponderosa pine forests (Pinus ponderosa) in New Mexico and Arizona, 
USA. Landsc. Ecol. 25, 1055–1069. https://doi.org/10.1007/s10980-010-9480-3. 


Hanson, C.T., 2018. Landscape heterogeneity following high-severity fire in California’s 
forests. Wildl. Soc. Bull. 42, 264–271. https://doi.org/10.1002/wsb.871. 


Hanson, C.T., 2021. Smokescreen: Debunking Wildfire Myths to Save Our Forests and 
Our Climate. University Press Kentucky, Lexington.  


Hanson, C.T., in press. Cumulative severity of thinned and unthineed forests in a large 
California Wildfire. Land. 


Hanson, C.T., Chi, T.Y., 2021. Impacts of postfire management are unjustified in spotted 
owl habitat. Front. Ecol. Evol. 9, 596282 https://doi.org/10.3389/ 
fevo.2021.596282. 


Hanson, C., North, M., 2009. Postfire survival and flushing in three Sierra Nevada 
conifers with high scorch. Int. J. Wildland Fire 18, 857–864. 


Harmon, M.E., C.T. Hanson, and D.A. DellaSala. In press. Combusion of aboveground 
wood from live trees in megafires, CA, USA. Forests. 


Harris, N.L., Hagen, S.C., Saatchi, S.S., Pearson, T.R.H., Woodall, C.W., Domke, G.M., 
Braswell, B.H., Walters, B.F., Brown, S., Salas, W., Fore, A., Yu, Y., 2016. Attribution 
of net carbon change by disturbance type across forest lands of the conterminous 
United States. Carbon Bal. Manag. 11, 24. https://doi.org/10.1186/s13021-016- 
0066-5. 


Hart, S.J., Veblen, T.T., Mietkiewicz, N., Kulakowski, D., 2015. Negative feedbacks on 
bark beetle outbreaks: widespread and severe spruce beetle infestation restricts 
subsequent infestation. PLoS ONE 10, e0127975. https://doi.org/10.1371/journal. 
pone.0127975. 


Harvey, B.J., Donato, D.C., Turner, M.G., 2016. Burn me twice, shame on who? 
Interactions between successive forest fires across a temperate mountain region. 
Ecology 97, 2272–2282. https://doi.org/10.1002/ecy.1439. 


Hessburg, P.F., Prichard, S.J., Hagmann, R.K., Povak, N.A., Lake, F.K., 2021. Wildfire and 
climate change adaptation for intentional management. Ecol. Appl., e02432 https:// 
doi.org/10.1002/eap.2432. 


D.A. DellaSala et al.                                                                                                                                                                                                                           







%LRORJLFDO &RQVHUYDWLRQ ��� ������ ������


��


Ibisch, P.L., Hoffmann, M.T., Kreft, S., Pe’eer, G., Kati, V., Biber-Freudenberger, L., 
DellaSala, D.A., Vale, M.V., Hobson, R.R., Selva, N., 2016. A global map of roadless 
areas and their conservation status. Science 354, 1423–1427. https://doi.org/ 
10.1126/science.aaf7166. 


Ingalsbee, T., 2014. Pyroganda: creating new terms and identities for promoting fire use 
in ecological fire management, 2014. In: Waldrop, T.A. (Ed.), Proceedings, Wildland 
Fire in the Appalachians: Discussions Among Managers and Scientists. Gen. Tech. 
Rep. SRS-199. U.S. Department of Agriculture Forest Service, Southern Research 
Station, Asheville, NC, 208 p.  


Johns, D., DellaSala, D.A., 2017. Caring, killing, euphemism and George orwell: how 
language choice undercuts our mission. Biol. Conserv. 211, 174–176. 


Johnson, D.W., Curtis, P.S., 2001. Effects of forest management on soil C and N storage: 
meta analysis. For. Ecol. Manag. 140, 227–238. 


Johnson, M.C., Kennedy, M.C., 2019. Altered vegetation structure from mechanical 
thinning treatments changed wildfire behaviour in the wildland–urban interface on 
the 2011 wallow fire, Arizona, USA. Int. J. Wildland Fire 28, 216–229. https://doi. 
org/10.1071/WF18062. 


Johnston, J.D., Hamann, R.K., Seager, S.T., Merschel, A.G., Franklin, J.F., Johnson, K.N., 
2021. Commentary: large trees dominate carbon storage in forests east of the 
Cascade Crest in the United States Pacific Northwest. Front. For. Glob. Change. 
https://doi.org/10.3389/ffgc.2021.653774. 


Karr, J.R., Rhodes, J.J., Minshall, G.W., Hauer, F.R., Beschta, R.L., Frissell, C.A., Perry, D. 
A., 2004. The effect of postfire salvage logging on aquatic ecosystems in the 
american west. Bioscience 54, 1029–1033. https://doi.org/10.1641/0006-3568 
(2004)054[1029:TEOPSL]2.0.CO;2. 


Kauffman, J.B., 1990. Ecological relationships of vegetation and fire. Chapter 4. In: 
Walstad, J.D., Radosevich, S.R., Sandberg, D.V. (Eds.), Prescribed Fire in Pacific 
Northwest Forests. Oregon State University Press, Corvallis, OR, pp. 39–51. 


Kauffman, J.B., Ellsworth, L.M., Acker, S., Bell, D.M., Kertis, J., 2019. Forest structure 
and biomass reflect the variable effects of fire and land use 15 and 29 years following 
fire in the western Cascades, Oregon. https://doi.org/10.1016/j. 
foreco.2019.117570. 


Keeley, J.E., Syphard, A.D., 2021. Large California wildfires: 2020 fires in historical 
context. Fire Ecol. 17, 22: doi:10.1186/s42408-021-00110-7. 


Kennedy, M.C., Johnson, M.C., 2014. Fuel treatment prescriptions alter spatial patterns 
of fire severity around the wildland–urban interface during the Wallow Fire, 
Arizona, USA. For. Ecol. Manag. 318, 122–132. https://doi.org/10.1016/j. 
foreco.2014.01.014. 


Key, C.H., Benson, N.C., 2005. Landscape assessment: remote sensing of severity, the 
normalized burn ratio. In: Lutes, D.C., et al. (Eds.), FIREMON: Fire Effects 
Monitoring and Inventory System, General Technical Report, RMRS-GTR-164-CD: 
LA1-LA51, USDA Forest Service, Rocky Mountain Research Station, Ogden, UT. 


Keyser, A., Westerling, A.R., 2017. Climate drives inter-annual variability in probability 
of high severity fire occurrence in the western United States. Environ. Res. Lett. 12, 
065003. 


Knapp, E.E., Lydersen, J.M., North, M.P., Collins, B.M., 2017. Efficacy of variable density 
thinning and prescribed fire for restoring forest heterogeneity to mixed-conifer forest 
in the Central Sierra Nevada, CA. For. Ecol. Manag. 406, 228–241. 


Kriebel, D., Tickner, J., Epstein, P., Lemons, J., Levins, R., Loechler, E.L., et al., 2001. The 
precautionary principle in environmental science. Environ. Health Perspect. 9, 
871876. 


Larson, A.J., Franklin, J.F., 2010. The tree mortality regime in temperate old-growth 
coniferous forests: the role of physical damage. Can. J. For. Res. 40, 2091–2103. 
https://doi.org/10.1139/X10-149. 


Law, B.E., Waring, R.H., 2015. Carbon implications of current and future effects of 
drought, fire and management on Pacific northwest forests. Forest Ecol. Manag. 355, 
4–14. https://doi.org/10.1016/j.foreco.2014.11.023. 


Lee, D.E., 2018. Spotted owls and forest fire: a systematic review and meta-analysis of the 
evidence. Ecosphere 9, e02354. https://doi.org/10.1002/ecs2.2354. 


Lindenmayer, D.B., Burton, P.J., Franklin, J.F., 2008. Salvage logging and its ecological 
consequences. Island Press, Washington, D.C.  


Lindenmayer, D.B., Hobbs, R.J., Likens, G.E., Krebs, C.J., Banks, S.C., 2011. Newly 
discovered landscape traps produce regimes shifts in wet forests. Proc. Natl. Acad. 
Sci. 108, 15887–15891. https://doi.org/10.1073/pnas.1110245108. 


Lindenmayer, D.B., Kooyman, R.M., Taylor, C., Ward, M., Watson, J.E.M., 2020. Recent 
australian wildfires made worse by logging and associated forest management. Nat. 
Ecol. Evol. 4, 898–900. 


Lutz, J.A., Halpern, C.B., 2006. Tree mortality during early forest development: a long- 
term study of rates, causes, and consequences. Ecol. Monogr. 76, 257–275. 


Mattson, L.R., Coop, J.D., Battaglia, M.A., Cheng, A.S., Sibold, J.S., Viner, S., 2019. Post- 
spruce beetle timber salvage drives short-term surface fuel increases and understory 
vegetation shifts. For. Ecol. Manag. 437, 348–359. https://doi.org/10.1016/j. 
foreco.2019.01.048. 


Marion, J.R., 2012. Long-term perspective on wildfires in the western USA. PNAS 109 
(9), E535–E543. https://doi.org/10.1073/pnas.1112839109. 


Mealey, S.P., Thomas, J.W., Salwasser, H.J., Stewart, R.E., Balint, P.J., Adams, P.W., 
2005. Precaution in the American endangered species act as a precursor to 
environmental decline: the case of the northwest forest plan. Chapter 12. In: 
Cooney, R., Dickson, B. (Eds.), Biodiversity and the Precautionary Principle. https:// 
doi.org/10.4324/9781849770583. 


Meigs, G.W., Zald, H.S.J., Campbell, J.L., Keeton, W.S., Kennedy, R.E., 2016. Do insect 
outbreaks reduce the severity of subsequent forest fires? Environ. Res. Lett. 11, 
045008 https://doi.org/10.1088/1748-9326/11/4/045008. 


Mildrexler, D.J., Berner, L.T., Law, B.E., Birdsey, R.A., Moomaw, W.R., 2020. Large trees 
dominate carbon storage in forests east of the Cascade crest in the United States 


Pacific northwest. Front. For. Glob. Chang. 3, 594274 https://doi.org/10.3389/ 
ffgc.2020.594274. 


Miller, J.D., Thode, A.E., 2007. Quantifying burn severity in a heterogeneous landscape 
with a relative version of the delta normalized burn ratio (dNBR). Remote Sens. 
Environ. 109, 66–80. https://doi.org/10.1016/j.rse.2006.12.006. 


Mitchell, S., 2015. Carbon dynamics of mixed- and high-severity wildfires: pyrogenic 
CO2 emissions, postfire carbon balance, and succession. In: DellaSala, D.A., 
Hanson, C.T. (Eds.), The Ecological Importance of Mixed-severity Fire: Nature’s 
Phoenix. Elsevier, Boston, pp. 290–312. 


Moomaw, R., Masino, S.A., Faison, E.K., 2019. Intact forests in the United States: 
proforestation mitigates climate change and serves the greatest good. Front. For. 
Glob. Chang. https://doi.org/10.3389/ffgc.2019.00027. 


Moritz, M.A., Battlori, E., Bradstock, R.A., Gill, M.A., Handmer, J., Hessburg, P.F., 
Leonard, J., McCaffrey, S., Odion, D.C., Schoennagel, T., Syphard, A.D., 2014. 
Learning to coexist with wildfire. Nature 515, 58–66. https://doi.org/10.1038/ 
nature13946. 


Odion, D.C., Moritz, M.A., DellaSala, D.A., 2010. Alternative community states 
maintained by fire in the Klamath Mountains. J. Ecol. 98, 96–105. https://doi.org/ 
10.1111/j.1365-2745.2009.01597.x. 


Odion, D.C., Hanson, C.T., Arsenault, A., Baker, W.L., DellaSala, D.A., Hutto, R.L., 
Klenner, W., Moritz, M.A., Sherriff, R.L., Veblen, T.T., Williams, M.A., 2014a. 
Examining historical and current mixed-severity fire regimes in ponderosa pine and 
mixed-conifer forests of western North America. PLoS One 9, 1–14. https://doi.org/ 
10.1371/journal.pone.0087852. 


Odion, D.C., Hanson, C.T., DellaSala, D.A., Baker, W.L., Bond, M.L., 2014b. Effects of fire 
and commercial thinning on future habitat of the northern spotted owl. Open Ecol. J. 
7, 37–51. 


Owen, S.M., Sieg, C.H., Sánchez Meador, A.J., Fulé, P.Z., Iniguez, J.M., Baggett, L.S., 
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Harmon, M.E., Larson, A.J., Smith, J.M., Taylor, A.H., Veblen, T.T., 2009. 


Widespread increase of tree mortality rates in the western United States. Science 
323, 521–524. 


van Mantgem, P.J., Nesmith, J.C.B., Keifer, M., Brooks, M., 2013. Tree mortality patterns 
following prescribed fire for pinus and abies across the southwestern United States. 
For. Ecol. Manag. 289, 463–469. https://doi.org/10.1016/j.foreco.2012.09.029. 


van Wagtendonk, J.W., van Wagtendonk, K.A., Thode, A.E., 2012. Factors associated 
with the severity of intersecting fires in Yosemite National Park, California, USA. 
Fire Ecol. 8, 11–32. https://doi.org/10.4996/fireecology.0801011. 


Whittaker, K.A., Goldman, P., 2021. Shifting the burden of proof to minimize impacts 
during the science-policy process. In: DellaSala, D.A. (Ed.), Conservation Science and 
Advocacy for a Planet in Peril: Speaking Truth to Power. Elsevier, Boston, 
pp. 265–289. 


Wood, P., 2021. Intact forests, safe communities. A report on reducing community 
climate risks through forest protection and a paradigm shift in forest management. 
Sierra Club, BC. https://sierraclub.bc.ca/intact-forests-safe-communities-sierra-c 
lub-bc-report/. 


Yocum Kent, L.L., Shive, K.L., Strom, B.A., Sieg, C.H., Hunter, M.E., Stevens-Rumann, C. 
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